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The 46-Ton Weldment, illustrated above, is one of two Reaction 
Girders which, after machining, will become integral parts of a 
390-Ton Vertical Lift Gate in a Lock Mechanism in the Long Sault 
Canal at Massena, New York. Mammoth Weldments such as this Lift 
Gate, and the diverse pieces at left, are typical of the thousands 
of Steel- Weld Fabricated parts and assemblies produced by Mahon 
each year for use in processing machinery, machine tools, and other 
types of heavy mechanical equipment. If you are not now taking 
full advantage of the economies offered by welded steel compo- 
nents in your product, you should give the matter serious thought. In 
the design of almost any type of heavy machinery there are parts and 
sub-assemblies that can be produced more economically, more satis- 
factorily, and in less time, in welded steel. In weldments you get 
greater strength with less weight—plus the additional advantages 
of greater rigidity and 100% predictability. When you consider 
weldments, you will want to discuss your requirements with Mahon 
engineers; because, in the Mahon organization you will find a unique 
source for weldments or welded steel in any form...a fully responsible 
source with complete facilities for design engineering, fabricating, 
machining and assembling. See Sweet's Product Design File for in- 
formation, or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY «© Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 


LAV.08 


For more information, turn to Reader Service card, circle No. 381 
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Weld: 304 stainless to mild steel 
Conditions: chloride corrosion 





Weld: repair of cracks in carbon-molybdenum steel 


Equipment: throttle valve 


Conditions: no preheat possible 


Equipment: drag conveyor 
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Weld: Inconel* nickel-chromium alloy to ordinary steel 


405 Stainless Steet & 


A 


Conditions: high temperature 


5% Chrome Stee! Lining 





Equipment: furnace retort 


A 302b Steel Shell 


Weld: 405 stainless to 5% chrome steel and A302-B steel 
Conditions: high pressure 


Equipment: pressure vessel 


Now one electrode, Inco-Rod ‘A, 
...permits new design freedom 


No longer need difficulty in welding 
dissimilar alloys limit design possi- 
bilities. 

With Inco-Rod “A”* electrode, 
“problem” welds like those above 
are being made every day — without 
special equipment and without spe- 
cial training for weldors. Many users 
also report remarkable success with 
Inco-Rod “A” electrode in field welds 
where preheating is impossible. 


Dissimilar alloy welds made with 
Inco-Rod “A” electrode are strong, 
ductile and resistant to corrosion in 
many media. They have high im- 
pact resistance at sub-zero tempera- 


tures and good stress rupture prop- 
erties at elevated temperatures. 


When a projected design calls for 
joining two or more dissimilar al- 
loys, remember that Inco-Rod “A” 
electrode turns many “impractical” 
welds into routine jobs ... permits 
you to use the materials best suited 
for the application you have in mind. 


To get a clearer idea of the jobs 
Inco-Rod “A” electrode can do, write 
for our new folder. It contains many 
case histories and gives useful tips 
on getting strong, sound, corrosion- 
resisting welds between dissimilar 
alloys. 


* Registered trademark 


The International Nickel Company, Inc. 
67 WallStreet ~A\. New York5,N.Y. 








Inco-Rod “A” electrode is supplied in four diameters: 3/32-, 1/8-, 
5/32-, and 3/16-inch . . . packed in 5-lb. asphalt-lined containers. 


INCO WELDING PRODUCTS 


Electrodes * Wires * Fluxes 


For more information, turn to Reader Service card, circle No. 514 
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INCREASED USE OF POLYETHYLENE IN OUTDOOR PRODUCTS is anticipated 
with the development of a new polyethylene compound that contains 
an ultraviolet inhibitor yet is available in natural and a 
range of colors. The producer says ". . . the new product 
will last two to four times longer outdoors than polyethylenes 
that contain no inhibitors to protect them from the sun." 
The compound is said to have good tear resistance and high impact 
strength. Potential uses include floats.and buoys, outdoor 
containers, machinery covers and floor matting. 








POROUS METAL CASTINGS CAN BE MADE AIRTIGHT for use at 1000 F and above 
by vacuum impregnating them with a newly developed mixture 
of zinc, copper and aluminum powders, then firing. A casting 
with approximately 25% porosity has an air leak rate of 510 
cu in./sq in./sec before impregnation; after impregnation 
and aging 40 min at 1650 F it has an air leak rate of 9.9 cu 
in./sqin./sec. (More details next month. ) 








| SUBSTANTIAL SAVINGS IN COSTS OF INJECTION MOLDED PARTS can be 
attained by using a new "valve gating” technique, according to 
the developer. The method holds the plastics material ina 
reservoir until it builds up sufficient pressure to release the 
valve and cause the material to gush into the mold cavity at 
high velocity. Large, deep plastics parts can be injection 
molded in relatively small machines by using multiple valve 


gating. 


—~— Sa oe oa a 


ALUMINUM FOIL CAN BE JOINED TO ALUMINUM EXTRUSIONS with what is claimed 
’ to be the first automated, continuous seam, ultrasonic welder. 
The producer says ". . . the machine can weld 200 in. of aluminum 
per min without high temperatures or high pressures." Besides 
aluminum, the machine can be used to join practically all metals, 
including refractory materials. 
A NEW METHOD FOR MEASURING ADHESION OF PAINT has been developed in 
Britain. Disks witha spot of paint in the center are fired by 
compressed air down a gun barrel against a target. The target has an 
aperture small enough to stop the disk, but large enough to allow 
the spot of paint to pass through if the speed of the disk is 
high enough for the momentum of the paint to detach from the 
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Surface.’ Knowing the weight and speed of the spot of paint, it is 
possible to measure its adhesive strength. 


TWO ROOM TEMPERATURE CURING SILICONE RUBBERS have been developed 
for sealing, encapsulating, calking and glazing of electric, 
electronic and aircraft parts. Both are said to have good 


ozone, weather and flame resistance coupled with good low 
temperature flexibility. 


LOWER COST TITANIUM PARTS are possible with a new method that extrudes 
titanium parts directly from cast ingots. According to a recent 
Air Force study, the method reduces the cost of finished titanium 
jet engine parts by as much as 40% compared to parts made by 
forging and other techniques. The extrusion process develops 
good mechanical properties in the materials; in all cases, these 
properties exceed specification requirements. 


A NEW CLASS OF MAGNETIC OXIDES, structurally distinct from ferrites, 
has recently been discovered. Known as "rare earth<-iron garnets," 
the materials are transparent, permitting the internal magnetic 
domain structure to be seen with a polarizing microscope, 
whereas most magnetic materials are opaque to visible light. 


Y¥ttrium-iron garnet is the most completely studied of this new 
family. 


SCALE CAN NOW BE REMOVED EASILY FROM STAINLESS STEEL and titanium 
alloys with a new descaling process. Metal parts are immersed 
in a special solution, then heat treated. The heat treatment causes 
a scale to form on the metal surface which can be removed 
quickly in an acid pickling bath. 


INSPECTING ALUMINUM AND MAGNESIUM CASTINGS BY FLUOROSCOPY saves 
time and money, according to a recent Navy survey. The survey 
shows that a new type of fluoroscope detects inclusions, under- 
cuttings and gas holes in aluminum and magnesium castings 
quicker and more accurately than other x-ray methods. Also the 
cost of fluoroscopy seems to be considerably less than the cost of 
other any methods—16¢ compared to 80¢ in the case of one casting. 


ZIRCONTUM-CLAD SEAMLESS COPPER TUBING is being produced by a newly 
eloped >chnique in which two or more metals are “coextruded" 
‘at high temperatures. Other combinations, 
orm of tubing, rods and special shapes, include 
um & ybdenum clad with stainless steel, 
n me - Potential uses include chemical 
yhany ger tubing and nuclear fuel elements. 












Turn to page 143 for more “What’s New in mpptaciale” 
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BRIEFS 


Easy to Get Around 

A new model aluminum revolv- 
ing door requires about as much 
effort to revolve as the effort used 
to pick up a knife and fork, ac- 
cording to the producer. Speed 
governors help run the door at 
safe operating speeds, since it 
rotates with only 6 to 8 oz of 
pressure. 


Stained Safety Glass 

A new process for the old art 
of making stained glass windows 
uses three layers of plastics sheet- 
ing bonded under heat and pres- 
sure between a sheet of painted 
glass and a sheet of unpainted 
glass. The result is a_ stained 
safety glass window. 


Blanket for Freezers 

A flexible heating blanket that 
uses electrically conductive rubber 
for a heat source instead of wires 
promises fast and effective de- 
frosting of home refrigerators and 
freezers. The blanket, made of 
vinyl plastic and nitrile rubber, 
can reach 250 F in 8 sec. 


Sack Look for Skiers 

Bright yellow ski suits made of 
vinyl film are designed especially 
for water skiers who want to 
pursue their sport in cool weather. 
The bright yellow color makes an 
easily seen marker in case the 
skier takes a spill. 


Siphoning the Sea 

A 320-ft, hump-shaped steel 
pipe is used to siphon salt water 
from the sea to ponds where it is 
allowed to evaporate, leaving be- 
hind deposits that are processed 
into household salt. The 70-ton 
siphon, 5 ft in dia, is fabricated 
from %-in. steel plate. 


CONNECTION FOR WESTERN ELECTRIC 





MEETING DESIGN NEEDS 
BRASS POWDER FORMS IMPORTANT 












Vetitictbiatiisiie id i: GET st gibt 


The Clutch Coupling (1) and Bar Coupling (2), shown above, 
function with two insulators to form an important drive linkage 
in Western Electric's “lineman’s test set". These BRASS POWDER 
parts perform the dual role of activating a signaling generator 
and retaining a molded nylon cam that insulates the handle up 
to 10,000 volts. 

The complex, curved surfaces on the blades of the Clutch 
Coupling would be very difficult and expensive to machine from 
bar stock. For this reason, Western Electric designed both of these 
parts for the powder metal process and turned the job over to 
an experienced fabricator*. Thus, unit cost was very low, high 
performance standards were met and much valuable machining 
time was saved. 

Consult with a metal powder fabricator when you have difficult 
design problems—or when you simply want to lower your pro- 
duction costs with BRASS POWDER sinterings. 


*Parker White-Metal Company, Erie, Pa. 





Detail of the Clutch Assembly on Western Electric's signaling 
generator. The Bar Coupling turns the Nylon Cam which pushes 
the Clutch Coupling forward to engage the drive gear. 


How Can BRASS AND NICKEL SILVER 
’ POWDER PARTS Meet Your Design Needs? 


—_— For detailed information on the design, 
properties, production and application 
of brass and other nonferrous powder 
parts you should have a copy of our 
manual. It will give you 20 case his- 
tories of brass and nickel silver powder 
structural parts to assist in evaluating 
this means of production in terms of 
your particular needs. 








4 SEND FOR YOUR COPY 
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Mallory Gyromet«.. 


the Alloy for Future Gyroscopes 


Gyromet—a new gyroscope material having higher tensile 
strength and greater elastic limit, will: 


Rotate at Greater Speeds 
Gain Greater Momentum 
Give Increased Accuracy 




















































































































° Provide Added Safety 
- Machine Readily 
° Further Miniaturization 
N 
= Here is a brand new product of Mallory powder-metallurgy 
e research—designed for applications yet to come. If this 
= opens a path to your research problems—ask for further 
information on Mallory 1000 Gyromet, Bulletin 6-15. 
S If your needs are not so critical as to require the advanced 
= features of Gyromet, look into the features of Mallory 1000 
° —the alloy which has set today’s standards for counter- 
o balance and rotational inertia problems. 
O *Trademark 
» & 
= | 
. Fk 
114 
o o 
re) Oo 
g Ss 
g mn 
7 SS — — 
° 31D —_—_~ 
” Permissible rotation speeds within the . 
elastic range of Mallory 1000 Gyromet 
° rotors of various outside and inside 
diameters. Proportional elastic limit— 
62,000 psi. 
© 
— 
o 
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In Canada, made and sold by Johnson Matthey and Mallory Ltd., Expect MOTPe uae get more from 


110 Industry Street, Toronto 15, Ontario 













Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials a 
Pp. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


For more information, turn to Reader Service card, circle No. 447 
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New 
and interesting 
applications 

of engineering 
materials 

































Minnesota Mining Mfg. Co. 


Portable hi-fi cabinets 
of reinforced plastics * 


Reinforced plastics are now being used for cabinets 
of portable hi-fi phonographs and radio-phono combi- 
nations. As shown in the accompanying photos, the 
material is ideally suited for this application because 
it is extremely lightweight (only 742 lb; see photo 
above), durable, and completely resistant to scratches, 
shock, heat, strain, moisture, scrapes and scuffs (see 
photo below). In addition, the material’s acoustical 
properties have been given military acceptance. 
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Checker Mfg, Co. 


Vinyl foam cushion for taxi jump seats 


The switch to molded vinyl for the 
taxicab jump seats shown above has 
not only reduced manufacturing costs 
and the number of parts required, 
but has simplified construction and 
resulted in greater passenger com- 
fort and roominess. 

To make the new seats, sections 
of vinyl foam and a nonfoaming 
vinyl plastisol are fused together 
into a single integrated covered 
cushion unit. This unit is then molded 
to any desired shape or contour. 

Other advantages listed for the 
new seats include: resistance to 
moisture, mildew, moths and flame; 
durability; ease of cleaning with 
ordinary soap and water; light 
weight; and ability to produce the 
cushions with varying degrees of 
firmness or softness. 


This article is based on an entry in last 
year’s “Best Use of Materials” Awards 
Competition. 























Bakelite Co., Div. of Union Carbide Corp 
New seat (left) consists of three parts and is assembled with two bolts. Old 
seat (right) had seven parts and required hand assembly and sewing. 


New back of the jump seat (left) consists of only a cushion and a frame. 
Previous model (right) consisted of cushion, frame and a cover for each side. 





Ten tons of carbon for 
largest electrode yet 


Shown here is what is claimed to 
be the largest carbon electrode ever 
made: it weighs 10 tons and meas- 
ures more than 5 ft in dia. Accord- 
ing to National Carbon Co., the huge 
electrode was developed in antici- 
pation of future use in mammoth 
submerged arc electric furnaces now 
being built. The large furnaces wil! 
use as much as 50,000 kva of power. 










































Vinyl dressing screen 
is electric heater 


The lovely lady in the accompany- 
g photo can obtain not only pri- 
icy but heat as well: the three 
anel screen she is adjusting is actu- 
lly a portable electric heater which 
ses quilted vinyl as emitter of low 
frequency infrared-type rays. 

Operating parts of the screen- 
heater are a printed aluminum foil 
circuit and a vinyl facing. The foil 
circuit is laminated to a 2-mil thick 
strip of Mylar which is rated at 
about 4000 v per mil. This laminate 
is backed by a low thermal conduc- 
tivity panel which prevents heat 
from escaping through the back. The 
foil circuit heats the vinyl to about 
70 °F above ambient room tempera- 
ture, causing it to emit the infrared 
rays. 

A major advantage of this type of 
heating, in addition to eye appeal, is 
that although the rays emitted by 
the vinyl facing create comfortable 
warmth, the screen itself never be- 
comes hot to the touch. 
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Arvin Industries, Inc. 


Lead, steel combine 
to stifle radiation 


A 2-in. thick wall of lead bricks 
faced with steel plate will help con- 
tain radiation in Westinghouse Elec- 
tric Corp.’s new materials engineer- 
ing laboratory. 

As shown in the photo edges of 
the 15-lb lead bricks are curved to 
eliminate flat joints through which 
radiation might penetrate. When the 
bricks are installed the wall will be 
covered with a layer of %4-in. thick 
steel plate, followed by 16 in. of steel 
shot, and then with more %4-in. steel 
plate. 
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FLOOR POLISHER 
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All photos American Die Casting Institut 





Six aluminum die castings simplify design of cleaner 


Six aluminum die castings figure 
prominently in the design of a new 
home cleaning and polishing system. 
The system, composed of a separate 
vacuum cleaner an floor polisher, 
uses power from the cleaner to run 
both units: a flexible hose is merely 
transferred from the suction port to 
the blower port and attached to the 
polisher. 

Each of the two units consists of 
three aluminum die castings. The 
floor polisher, composed of an upper 
housing, chassis and turbine, weighs 
only 8 lb. The turbine casting, which 
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is geared to two brushes in the 
polisher assembly, incorporates a 
steel center post cast as an insert. 
The castings are painted and as- 
sembled as cast. 

The aluminum die castings in the 
cleaner, consisting of upper and 
lower housings and cover, require 
one operation before painting and 
assembly: the eight louver openings 
in each side of the upper housing 
have to be pierced. Although the 
louver could have been cored during 


(continued on p 184) 
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MORE MATERIALS AT WORK 
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Special glass insulation 


for underground pipe..... 186 
Silicon diode resists fire. ....188 
Nickel bellows prove 
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New Economy and Speed 
in Tooling Production 

for the Airframe 
Manufacturer. 


with POLYTOOL 


| RCI EPOX 
a TOOLING 





ee 
Sia 


In the photos above you see a completed plastic stretch die 
and the laminating build-up stage in its fabrication. 

This plastic stretch die has excellent dimensional sta- 
bility: It is lightweight and was produced fast at low cost. 

Reichhold, a basic manufacturer of resins, offers you a 
full line of epoxy plastic compounds for tool production. 

PoLYTOOL 2501 (white finish) and 2551 (metallic) 
are epoxy plastic tooling compounds for casting and lami- 
nating applications. 

PoLyYTOOL 2502 (white finish) and 2552 (metallic) 
are epoxy plastic tooling compounds for gel coat applica- 
tion. 

Reichhold supplies low irritation PoLyTooL HARDEN- 
ERS for varying the gel time of these compounds. Reich- 
hold also furnishes PoLyToOL* compounds for a 3-compo- 
nent system with which you can vary working properties 
to meet specific requirements. 


Photos courtesy of 
Arrowsmith Plastic Tooling, Inc., 
Los Angeles, Calif. 


Y PERO HIG 
COMPOUNDS 


Why not investigate the RCI PoLyToot line of plastic 
tooling materials? It includes not only epoxy, but also 
polyester, phenolic and polyurethane resin systems. RCI 
offers you outstanding quality control of these materials. 


REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol 
Hydrochloric Acid « Formaldehyde « Glycerine « Phthalic Anhydride 
Maleic Anhydride * Sebacic Acid « Ortho-Phenylphenol « Sodium Sulfite 
Pentaerythritol « Pentachlorophenol « Sodium Pentachlorophenol 
Sulfuric Acid « Methanol 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 


Creative Chemistry... Your Partner in Progress 


For more information, turn te Reader Service card, circle No. 446 
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DID YOU SAY 
RUBBER PARTS 
WITH 


HIGH THERMAL 
STABILITY? \ 















that's right! 
STALWART 

SILICONE 
rubber parts 
resist 
temperatures 


from -160°F. to +600°F. 


...and here’s more good news for 
design engineers! Stalwart can re- 
place heavy, awkward designs with 
precision-made silicone rubber 
parts that are lighter and smaller. 





Stalwart engineers will work close- 
ly with you to produce Silicone 
parts to meet your most exacting 
specifications. For special applica- 
tions, Stalwart can supply fabric- 
inserted shapes. Silicone shapes 


also can be covered with Nylon, 
Dacron, Orlon and fiberglass. Parts 
can be supplied in realistically- 
priced production or job-lot quan- 





tities. 

Discover for yourself why more 
and more design engineers are spe- 
cifying Stalwart Silicone rubber 
parts. Write today for Bulletin 
56-SR-3. 


TALWART 


RUBBER COMPANY 


Main Office: 
165 Northfield Road, Bedford, Ohio 


Manvfacturing plants in Jasper, Georgia 
7646-SR and Bedford, Ohio 





For more information, turn to Reader Service card, circle No. 501 
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Malleable iron for gears 


To the Editor: 

I have just scanned through Manual No. 143, 
“Materials for Gears,” in the November issue of 
MATERIALS IN DESIGN ENGINEERING. 

I would appreciate having your reasons for the 
complete omission in Mr. Woldman’s article of any 
mention of malleable and pearlitic malleable irons, 
both of which have been utilized very effectively for 
gears for countless years, as is widely recognized 
by experienced design engineers. 

GORDON B. MANNWEILER 
Research Engineer 

Eastern Malleable Iron Co. 
Naugatuck, Conn. 


To the Editor: 

Both malleable iron and pearlitic malleable iron 
are used extensively for gearing of all sizes in many 
applications. They are manufactured under ASTM 
specifications, SAE specifications and also under the 
manufacturers’ own proprietary names and specifi- 
cations, The omission of any references to these irons 
was a Serious error on my part. 

I would recommend that an addendum to my 
gearing article be published in a subsequent issue to 
cover malleable and pearlitic malleable iron gearing. 


NORMAN E. WOLDMAN 
Consulting Engineer 
Upper Montclair, N. J. 


Measuring diamond hardness 


To the Editor: 

In the Nov ’57 issue of MATERIALS IN DESIGN 
ENGINEERING, page 3, a reference is made to man- 
made industrial diamonds. It states that synthetic 
diamonds would be equivalent in hardness to natural 
diamonds. I have never been able to learn how the 
hardness of diamonds is measured. 


R. D. FABER 
International Nickel Co., Inc. 
New York, N. Y. 


Strictly speaking, it isn’t. All hardness values are 
relative, and diamonds have been assigned the top 
value of 10 on the Moh scale. 


More on joining enameled parts 


To the Editor: 

I will bring you up to date on the progress made 
in solving our problem of joining lips coated with 
porcelain enamel and subject to radiation from a 
gaseous electrical discharge in vacuo (see my letter, 
Oct ’57 issue, p 14). 

We have been investigating the ceramic struc- 
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keeps my fabrication problems to a minimum! 


As a design engineer for hydraulic applications, | find that B&W Welded Carbon Steel 













“4 Mechanical Tubing with special smooth ID finish offers outstanding benefits. 
se The finished condition in which it comes to our plant reduces costs 
al by eliminating a number of fabricating operations.” 
1€ 
DR The uniform finish of this type of tubing means that for many hydraulic 
4 applications it can be used “‘as received” from the mill—eliminating 
, such operations as grinding and polishing. Continuous quality 
re control through every manufacturing operation—with ultrasonic 
OP testing supplementing accepted methods of inspection—makes 


sure that you get tubes matched to your end-use application. 
Ask Mr. Tubes, the B&W specialist—he can help you with 
any tube problem—or write for bulletin TB-428. The 
Babcock & Wilcox Company, Tubular Products Divi- 

sion, Beaver Falls, Pa. 
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* Seomless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges —in carbon, alloy and stainless steels and special metals. 





For more information, turn to Reader Service card, circle No. 482 
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Nameplates and other 





identifying parts having 
functional and decorative values, 
when die cast and attractively 
finished, improve the appearance 
and convey a sense of stability to 
the merchandise they identify. 


ADVANCE die casts nameplates 
that have become household all 
over America. We would like to 
serve you, too. If you are designing 
a nameplate, or for that matter, 
decorative parts that can be die 
cast to advantage, why not send 
us a blueprint for a cost estimate. 





ADVANCE 


TOOL AND DIE 


CASTING CO. 


3760 N. Holton Street 
Milwaukee 12. Wisconsin 


For more information, turn to Reader Service card, circle No. 474 
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tural adhesives—Corning’s “solder glass” 7570 and 
Consolidated Electrodynamic’s ‘“Ceramicite” — and 
conducting literature surveys on the inorganic elas- 
tomers for several months. At present there are no 
data available on the inorganic elastomers from the 
Air Force or its agencies, or from the Dept. of Com- 
merce. The severe outgassing in vacuo of “Sau- 
reisen” cements precludes their use in these joints. 
Two porcelain enameled, double-walled, hemicycle, 
axially-split, half cylinders, made by forming pieces 
of copper tubing into themselves and holding a uni- 
form wall-wall separation of approximately 3/8 in. 
and edge radii of 3/16 in., have been bonded together 
satisfactorily with the ceramic structural adhesive 
technique. The two ceramic structural adhesive 
joints, in a plane containing the cylindrical axis, are 
dielectric, electrically nonconductive, and probably 
vacuum-tight. The last feature has not been verified 
as yet. 
S. E. OPENSHAW 
Mechanical Designer 
University of California 
Livermore, Calif. 


Manganese alloy family 
To the Editor: 

I read your recent article, “Three Manganese 
Alloys,” with a great deal of interest. Another 
member of the manganese alloy family worthy of 
your attention is the 60 copper-20 nickel-20% man- 
ganese alloy, known commercially as C.D.C. 720 
(Chicago Development Co.). 

I have been working with this alloy for the past 
few years and have found it to be a very attractive 
structural material for nonmagnetic applications. It 
is an age hardening alloy capable of developing high 
strengths. 

HAROLD BERNSTEIN 
Engineering Dept. 

U. S. Naval Gun Factory 
Washington, D. C. 


This alloy was not included because the manganese 
content is less than 50%. However, an article on this 
alloy will appear in the near future. 


Gas-filled sealing rings 


To the Editor: 

Are you familiar with the firm which, we under- 
stand, has developed gas-filled steel rings which may 
be used to seal pump shafts and similar equipment? 
With increased temperature the gas which is enclosed 
in the rings expands and provides a tight seal. 


N. ORDJANIAN 
Columbia Technical Corp. 
Woodside, N. Y. 


Gas-filled stainless steel o-rings are produced by 
Advanced Products Co., North Haven, Conn. 
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Next month: 


Next month during the week 
of April 13th the third annual 
Design Engineering Show and 
Conference will be held in the 
International Amphitheatre in 
Chicago. As in other years, we 
strongly recommend that you 
plan to attend. It is the one 
and only show and conference 
that is devoted exclusively to 
the interests and problems of 
product planners, designers and 
engineers. It offers an excel- 
lent opportunity to get a com- 
prehensive look at the latest 
developments in engineering 
materials, finishes, parts and 
components that are used by 
the manufacturing industries. 
It’s still growing 

Since its inception in 1956 
the show has grown rapidly. 
This year there will be more 
than 400 exhibits occupying 
four times more floor space 
than in the first show. This 
rapid growth reflects the wide 
acceptance of the Design Show 


the Design Show 


as a useful and successful in- 
dustrial exposition. 
Materials have big part 

About 40% of the exhibits 
will display materials, material 
forms, and finishes. We, as the 
materials magazine of the de- 
sign engineering field, are 
naturally happy to see such a 
large proportion of the show 
devoted to materials. Our own 
booth (No. 602) will feature 
the parts and products that 
won the top awards in our 
second annual Awards Compe- 
tition for Best Use of Materials 
in Product Design. The winning 
entries this year demonstrate 
unusual and imaginative use of 
materials in the design of in- 
dustrial and consumer products. 
The award winners will be 
honored at a special awards 
dinner to be held during Design 
Show week. 

The Design Engineering Con- 
ference, held in conjunction 
with the show, will again be 
sponsored by the Machine De- 


sign Div. of the American 
Society of Mechanical Engi- 
neers. Like the show, the con- 
ference has grown rapidly both 
in attendance and the number 
of papers presented. Of special 
interest to most you will be the 
two sessions on engineering 
materials. The papers will in- 
clude a survey of honeycomb 
sandwich materials, the latest 
information on the uncommon 
metals, important data on the 
impact resistance of plastics, 
and useful information on the 
compatibility of many different 
materials in bearing contact. 
Another session will suggest 
solutions to the serious and 
growing problem of finding the 
right technical information at 
the right time. 
You will benefit 

So, if you have anything to 
do with selecting materials and 
designing products, we believe 
you will benefit by attending 
the Design Engineering Show 
and Conference. 
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Confused? Hereisa... 


Guide to Materials 
Standards & Specifications 


Part 1—Government and National Standards 


@ Standards of quality and ; 
formance for materials are 
indispensable part of the prox 


manufacturing industries. Tox: 


thousands of engineering m 


rials standards and specificatio; 
are being used. They are issu 
by many technical organizatio 


and are scattered through 


many documents. To use the 
for 


effectively, it is important 


r- 


engineers and designers to know 
what kind of standards and speci- 
fications are available, how they 
are developed, what they cover, 


and how they are identified. 


This article is devoted to a dis- 
cussion of the organizations that 
issue national standards and speci- 
fications on many different engi- 


neering materials. 


by S. P. Kaidanovsky, 
Consulting Engineer 


What Are Standards and Specifications? 


These two words are often 
used interchangeably to refer to 
procurement documents, stand- 
ard test methods, performance 
requirements, recommended prac- 
tices, definitions, glossaries and 
simplification lists. Specifica- 
tions that are used repeatedly 
and have become widely accepted 
are often referred to as stand- 
ard specifications, or briefly, 
standards. 


Two terms defined 

The dictionary defines a stand- 
ard as “any measure of extent, 
quality, or value established by 
law or by general usage or con- 
sent ...” and a specification as 
“a written statement containing 
a minute description or enumer- 
ation of particulars.” A positive 
distinction is also made by the 
Government between a standard 
and a specification. A specifica- 
tion is a purchase document that 
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contains 1) a clear, accurate 
description of the technical re- 
quirements for a product, mate- 
rial, or service; 2) the procedure 
used to determine that the re- 
quirements have been met; and 
3) the packaging requirements. 
A standard is a document that 
establishes engineering and tech- 
nical limitations and applica- 
tions for products, materials, 
processes, methods, designs, and 
engineering practices. 


Three types of standards 
Standards and specifications 
may be classified as national 
standards, industry standards, 
and company standards: 
National standards are those 
which apply to a wide variety 
of industries and range of mate- 
rials and products. They are 
issued by such organizations as 
the American Standards Assn., 
American Society for Testing 
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Materials, Underwriters Labora- 
tories and the Government. Be- 
cause of their wide applicability 
their requirements are general. 

Industry standards are issued 
by organizations performing a 
standardizing activity in special- 
ized fields. They are issued by 
such organizations as the Amer- 
ican Society of Mechanical En- 
gineers and the American Insti- 
tute of Electrical Engineers. 
They are limited in scope, and 
their requirements are more de- 
tailed than those of national 
standards. 


Company standards are issued 
by users of materials and prod- 
ucts. Their requirements are 
still more specific and detailed, 
reflecting the particular needs 
of the individual company. Com- 
pany standards frequently are 
based upon, or refer to, national 
and industry standards. 
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Three major classes of specifi- 
ations and standards are devel- 
ped by the Federal Supply Serv- 
ice of the General Services Ad- 
ministration. They are known as 
Federal Specifications, Interim 
Federal Specifications, and Fed- 
eral Standards. They cover all 
materials and supplies purchased 
by the civilian branches of the 
Government and by the military 
agencies when appropriate. 

The present method of develop- 
ing the specifications and stand- 
ards is the so-called “assigned 
agency method.” A project is as- 
signed to the agency, civil or mili- 
tary, having the greatest concern 
and the requisite technical staff. 
The Standards Div. of the Federal 
Supply Service follows the prog- 
ress of the assignments and as- 
sists in the coordination with 
other agencies. It also handles a 
number of projects itself. 
Federal Specifications .. . 
cover materials, products and 
services used by two or more 
Federal agencies, at least one of 
which is a civil agency. They can 
also cover new items of potential 
general application. Federal Speci- 
fications are coordinated, circu- 
lated for comments, and approved 
for use by all interested Govern- 
ment agencies, including the mili- 
tary. 

Federal Specifications are desig- 
nated by a symbol and number 
composed of three parts. For 
example, the specification, “Alu- 
minum Base Alloys; Sand Cast- 
ings,” is designated QQ-A-601a, 
where: 

QQ—group of procurement (Met- 


als) to which specification 
relates 


A—first letter of first word 
(Aluminum) in title of speci- 
fication 


601—basic serial number deter- 
mined by alphabetical loca- 
tion 


a—suffix letter to the basic num- 


Federal specifications 
and standards 


ber, indicating first revision. 
Subsequent revisions desig- 
nated by letters 5, c, etc. 

Minor changes in the specifica- 
tions are made by amendment, 
indicated by figures 1, 2, etc., and 
placed below the specification 
designation. The date of issue or 
the date of revision or amendment 
is given in each document. 
Interim Federal 
Specifications .. . 
are developed and issued by an 
individual Government agency to 
satisfy an immediate need. Their 
use is optional for other Federal 
agencies. Interim Federal Speci- 
fications are intended for final 
processing as regular, coordinated 
Federal Specifications. 

Interim Federal Specifications 
are designated in the same man- 
ner as Federal Specifications with 
two exceptions: 

1. Two zeros precede the basic 
serial number. 

2. Following in parentheses is a 
code designating a) the agency 
responsible for the development 
and maintenance of the specifica- 
tion, called the “assigned agency” ; 
and b) the activity within the 
agency responsible for the actual 
development and preparation of 
the specification, called the “pre- 
paring activity.” 

For example, the designation of 


the Interim Federal Specification, 
“Steel, Carbon: Sheet and Strip,” 
is QQ-S-00640 (Army-Ord). The 
Dept. of the Army is the assigned 
agency, and the Ordnance Corps 
is the preparing activity. 

Federal Standards ... 

are of three types: 

1. Supply item limitation stand- 
ards that limit procurement to 
the qualities, types, and sizes of 
materials and products most eco- 
nomically and effectively satisfy- 
ing the needs of Government 
agencies. 

2. Test methods standards to 
bring about agreement between 
Government, suppliers and indus- 
trial users on. standard test 
methods for uniform use. 

3. Engineering and _ process 
standards, such as glossaries, and 
guides for preparation of “item 
descriptions” for cataloging of 
materials and products. 

Interim Federal Standards, like 
Interim Federal Specifications, are 
developed and issued by an indi- 
vidual Government agency for its 
own immediate use. They are 
optional for other agencies. 

Federal Standards are desig- 
nated numerically. For example, 
the standard, “Steel; Chemical 
Composition and Hardening,” is 
designated Fed. Std. No. 66. In 
designating Interim Federal 
Standards, both the assigned 
agency and the preparing activity 
are indicated, as in Interim Fed- 
eral Specifications. The date of 
issue, revision or amendment is 
given in each document. 








The specifications and standards 
developed by the military depart- 
ments cover materials, products 
and services purchased by the 
military branches of the Govern- 
ment, and by other Federal agen- 
cies when appropriate. 

The present method of develop- 







Military specifications 
meva~ and standards 


ing Military Specifications and 
Military Standards is to assign a 
project to an interested military 
department having the requisite 
technical staff. The Standardiza- 
tion Div., Office of the Secretary 
of Defense, Supply and Logistics, 
is responsible for the direction of 
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the standardization program of 
the military departments in the 
Dept. of Defense. 

Military Specifications .. . 
consist of coordinated specifica- 
tions and limited coordination 
specifications. Coordinated speci- 
fications, formerly known as Joint 
Army-Navy Specifications (JAN), 
cover items of common use. They 
are developed by the cooperative 
effort of all interested activities 
(bureaus, corps, services) in the 
Army, Navy and Air Force de- 
partments. Limited coordination 
specifications are purchase specifi- 
cations of a single military de- 
partment interest, or those pre- 
pared by a military department 
or activity to satisfy an immedi- 
ate procurement need. 

The coordinated specifications 
are designated by a symbol and 
number. For example, MIL-P- 
798B is the specification, “Plastic 
Materials, Laminated, Thermo- 
setting Rods, and Tubes,” where: 


MIL—abbreviation for MILI- 
TARY 


P—first letter of first word 
(Plastic) in title of specifi- 
cation 

798—basic serial number 

B—suffix letter to basic serial 
number, indicating second 
revision 

Minor changes are made in co- 
ordinated specifications by amend- 
ment, indicated by figures 1, 2, 
etc., and placed below the specifi- 
cation designation. The date of 
issue, revision or amendment of a 
specification is placed under the 
symbol and number. 

Limited coordination specifica- 
tions are also prefixed by the 
letters MIL, but in addition are 
identified by a suffix (in paren- 
theses) to the basic symbol and 
serial number. For example, the 
specification, “Iron, Malleable, 
Pearlitic, Castings,” is designated 
by MIL-I-11444(Ord). The suffix 
(Ord) identifies the activity 
(Army Ordnance Corps) issuing 
the specification. 

Following is a list of suffixes 
for the identification of limited 
coordination specifications : 


Army 

CmlC—Chemical Corps 
CE—Corps of Engineers 
Med—Army Medical Service 
Ord—Ordnance Corps 
QMC—Quartermaster Corps 
SigC—Signal Corps 

TC—tTransportation Corps 


Navy 


NAVY—Dept. of the Navy 
MC—Marine Corps 
AER—Bureau of Aeronautics 
BuMed—Bureau of Medicine and 
Surgery 
NOrd—Bureau of Ordnance 
Pers—Bureau of Personnel 
Ships—Bureau of Ships 
S&A—Bureau of Supplies and 
Accounts 
Docks—Bureau of Yards and 
Docks 


Air Force 


USAF—Dept. of the Air Force 
ASG—Aeronautical Standards 
Group 

Military Standards ... 
are limitations applying to items, 
materials, processes, methods, de- 
signs and engineering practices. 
They are issued in two formats: 
1) book form standards, and 2) 
sheet form standards. Book form 








standards cover engineering pra. - 
tices, charts, categories of dime 
sional and _ functional detaj| 
graphs, formulas and lists. Shec: 
form standards cover physic:| 
items and design features. Mili- 
tary Standards, like Military 
Specifications, are divided into 
coordinated standards and limited 
coordination standards. 


Book form standards are desiv- 
nated by the symbol MIL-STD., 
followed by Arabic numerals as 
assigned to the standard. For ex- 
ample, MIL-STD 184 is the Mili- 
tary Standard, “Identification 
Marking of Aluminum, Magne- 
sium and Titanium.” Sheet form 
standards are designated by the 
symbol MS followed by Arabic 
numerals as assigned to the stand- 
ard. For example, MS15467 
(Ships) is the Military Standard, 
“Resinous Material, Formula No. 
95.” The suffixes for the identifi- 
cation of activities issuing limited 
coordination standards are the 
same as for the identification of 
limited coordination specifications. 








Unlike Federal Specifications, 
which must be used in procure- 
ment by all Federal agencies, 
Commercial Standards and Simpli- 
fied Practice Recommendations are 
voluntary and are developed for 
industrial or trade use. They are 
developed through cooperative 
action of producers, distributors, 
testing laboratories and _ users, 
and are coordinated and published 
by the Commodity Standards Div., 
Office of Technical Services, Dept. 
of Commerce. 


Commercial Standards .. . 
cover terminology, types, classifi- 


cation, grades, sizes, methods of 
tests and use characteristics of 
materials and products. They 
serve to establish clear under- 
standing between buyers and 
sellers, and provide uniform bases 
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Commercial standards, 
simplified practices 


for fair competition. 

Commercial Standards are iden- 
tified by the letters CS, followed 
by a serial number and the year 
of issue, or in the case of revision, 
the year of the last revision. For 
example, Commercial Standard, 
“Rigid Polyvinyl Chloride Sheets,” 
dated 1955, is designated by 
CS201-55, where 201 is a seria! 
number. 

Simplified Practice 
Recommendations .. . 
designate certain sizes, varieties, 
and types and grades of materials 


as being approved for regular 


stock purposes, after superfluous 
variety has been eliminated. 
Simplified Practice Recommen- 
dations are identified by the letter 
R, followed by a serial number 
and the year of issue, or in th: 
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ise of revision, the year of the 
st revision. For example, Sim- 
ified Practice Recommendation, 





“Copper and Copper-Alloy Rod,” 
dated 1950, is designated R241-50, 
where 241 is the serial number. 





The American Society for Test- 
ing Materials is a leading organi- 
zation in the field of materials 
standards, and its standards are 
used widely in industry. ASTM 
Standards comprise specifications, 
methods of testing, recommended 
practices, definitions of terms, 
charts and tables. Such docu- 
ments, when designated as stand- 
ards, are those formally adopted 
by the Society. Prior to adoption 
as standards they are published 
as “Tentatives” and represent the 
latest thoughts and practice on the 
subject covered. 

Every ASTM Standard is 
evolved by a committee of special- 
ists in the particular field of 
activity. The membership of the 
committee is divided about equal- 
ly among persons identified with 
user interests, producer interests, 
and general interests (neutral). 
The Society in its standardization 
activities thus capitalizes upon 
the inherent diversity of interest 
between user and producer. 

The designation of ASTM 
Standards consists of three com- 
ponents: a letter prefix indicating 
the type of material or nature of 
the standard, followed by the 
number of the standard, and a 
final number indicating the year 
of the issue or adoption, or in the 
case of revision, the year of the 
last revision. The letter and num- 
ber which designate the standard 
are permanent. 

The following prefixes are used 
in ASTM Standards: 

A—Ferrous Metals 

B—Nonferrous Metals 

C—Cementatious, Ceramic, Con- 

crete and Masonry Materials 

D—Miscellaneous Materials 

E—General Testing Methods and 

Definitions 


F—Materials for Specific Appli- 
cations 


| <\y ASTM standards 


For example, specification, ‘““Man- 
ganese-Molybdenum Steel Plates,”’ 
issued in 1956, is designated 
A302-56, where A refers to fer- 
rous metals. 

Prefixes used in ASTM Stand- 
ards are also used in Tentatives. 
Tentatives are designated by the 
inclusion of the letter 7 at the 
end of the designation. For exam- 
ple, the designation of the speci- 
fication, “Cold-Rolled Carbon Steel 
Sheet, Commercial Quality (Ten- 
tative),” is A366-53T. 


About This Series 


The aim of this series of six 
articles is to bring together in 
one place useful information 
about the many materials stand- 
ards and _ specifications docu- 
ments available to the engineer 
and designer. The articles will 
be confined mainly to standards 
and specifications on materials 
and materials forms, and will 
not cover materials. testing 
standards, “end product” stand- 
ards, or standards chiefly con- 
cerned with sizes or tolerances. 

The remaining five articles in 
the series will deal with organ- 
izations and standards on the 
following specific groups of ma- 
terials: irons and steels, non- 
ferrous metals, plastics and 
elastomers, other nonmetallics, 
and finishes. Included in each 
of the articles will be summary 
lists of and references to all 
important standards and speci- 
fications. 


————E 














The standards work of the 
Society of Automotive Engineers 
covers standards, recommended 
practices, and general information 
reports on materials, finishes, 
parts and fittings, and equipment. 
The standards work of the SAE 
is carried on by a number of com- 
mittees. All technical reports, in- 
cluding standards approved and 
practices recommended, are advi- 
sory only. 

The SAE plays an important 
part in aeronautical standardiza- 
tion. Its standards cover materials 
and processes, as well as assem- 
blies, components and parts. 

SAE Standards and SAE 
Recommended Practices .. . 
were developed primarily for the 
automotive field, but are widely 
used in many other industrial 
fields. SAE Standards are based 
on sound, established engineer- 
ing practice. SAE Recommended 
Practices are based on sound en- 


SAE standards 


gineering principles and are in- 
tended as guides toward standard 
engineering practice. Use of SAE 
Standards or SAE Recommended 
Practices is entirely voluntary. 
Aeronautical Materials 
Specifications ... 

are material and process speci- 
fications conforming to sound, es- 
tablished engineering and metal- 
lurgical practices in the aircraft 
industry. They are given numbers 
prefixed by AMS. 

Aeronautical Standards ... 
are of three types: 1) design 
standards conforming with sound, 
established engineering practices 
in the aircraft industry; 2) parts 
standards conforming with engi- 
neering practices in the engine, 
propeller, accessory equipment 
and airline industries; or 3) other 
aeronautical specifications that do 
not fall within the category of 
AMS. They are given numbers 
prefixed by AS. 







MARCH, 1958 ¢« 99 


























Aeronautical Recommended 
Practices ... 


are dimensional designs or per- 
formance recommendations based 
on sound engineering principles 
and are intended as_ guides 


toward standard engineering prac- 
tice. They are given numbers 
prefixed by ARP. 

Aeronautical Information 
Reports .. . 

contain engineering data that are 


of sufficient value to warrant pul 
lication, but which do not len 
themselves to the classification o 
standards or recommended pra 
tices. They are given numbe) 
prefixed by AJR 








The American Standards Assn. 
is a federation of trade associa- 
tions, and technical and profes- 


sional societies, serving as a. 


clearing house for standards. 

An American Standard is a 
standard of national application 
approved by the ASA as having 
been accepted by all groups and 
organizations substantially con- 
cerned with its scope and provi- 
sions. The types of standards and 
specifications covered in this article 
can be approved as American 
Standards. American Standards 
are optional for use by industry. 
However, American Standards are 
sometimes adopted by a Govern- 
ment agency or other organiza- 
tions for mandatory use. 

American Standards come into 
existence through three basic 
methods. All three operate on the 
underlying principie that there 
must be a consensus of all inter- 
ested parties: 

1. Sectional committee method— 


American standards 


A committee, consisting of all 
groups and organizations substan- 
tially concerned with the scope of 
a standards project, formulates 
or revises a standard or a group 
of standards. The sectional com- 
mittee may delegate the technical 
work to subcommittees, especially 
if several standards are being 
developed under one project. 

2. Existing standards method— 
This method makes it possible 
under certain conditions for exist- 
ing standards of any organization 
to be submitted to ASA for ap- 
proval without going through any 
of the other channels for devel- 
oping American Standards. The 
American Society for Testing Ma- 
terials is foremost among the 
organizations that have many 
of their own standards recog- 
nized as American Standards. An 
American Standard approved un- 
der the existing standards method 
will not lose its original identity. 
It will continue to carry the title 


and the designation assigned by) 
the originating organization, in 
addition to its ASA designation 
and its universal decimal classifi- 
cation (UDC) for international, 
as well as domestic, bibliographic 
purposes. 

8. General acceptance method— 
This method is for simple projects. 
Under this method, standards are 
discussed and agreed upon only at 
a general conference. No continu- 
ing committees are formed; how- 
ever, an ad hoc committee may 
make minor editorial changes. 

The designation of an American 
Standard consists of three com- 
ponent parts: 1) project letter 
of the field under which the 
standard is classified (e.g., C for 
Electrical Engineering); 2) fol- 
lowed by a number designating 
a group of materials (e.g., C7 for 
Bare Wire) and a decimal (e.g., 
C7.2 is medium-hard-drawn copper 
wire); 3) and the year of issue 
or of the latest revision of the 
standard. For example, “Medium- 
Hard-Drawn Copper Wire, Specifi- 
cations for,” is designated C7.2- 
1953 (ASTM B2-52), since it is 
an ASTM Standard approved by 
ASA. 





Indexes to National Standards and Specifications 


Federal—lIndex issued annually; cumulative supplements 
are sold on subscription basis by Supt. of Documents, 
U. S. Government Printing Office, Washington 25, D. C. 


Military—Index consists of four volumes: Vol I, Muni- 
tions Board Standards Agency (out of print); Vol II, 
Dept. of the Army; Vol III, Dept. of the Navy; Vol IV, 
Dept. of the Air Force. Each volume published semi- 
annually on Apr 1 and Oct 1. Cumulative supplements 
published in the interval between each semi-annual 
volume. Sold on subscription basis by Supt. of Docu- 
ments, U. S. Government Printing Office, Washington 


25, D. C. 


Commercial—Catalog No. 978, Classified List of Com- 
mercial Standards, and Catalog No. 979, Alphabetical 
List of Simplified Practice Recommendations, with 


prices, available from Commodity Standards Div., 
Office of Technical Services, U. S. Dept. of Commerce, 
Washington 25, D. C. 


ASTM—Index, published annually, lists alphabetically 
and in numeric sequence ASTM Standards and Tenta- 
tives. Available from American Society for Testing 
Materials, 1916 Race St., Philadelphia, Pa. 


SAE—SAE Standards and Recommended Practices are 
embodied in the SAE Handbook, published annually. 
Indexes of Aeronautical Materials Specifications, Aero- 
nautical Standards, Recommended Practices and Infor- 


mation Reports available from Society of Automotive 


Engineers, 485 Lexington Ave., New York 17, N. Y. 


American—lIndex and price list available from American 
Standards Assn., 70 E. 45th St., New York 17, N. Y. 
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by M. J. Sanger, G. T. Gmitter, 
eE. M. Maxey, Central Research 
L boratories, General Tire and Rub- 


Co. 


Until the polyether types 
were developed, urethane 
foams appeared to have 
important limitations as 
cushioning materials. 


This article tells... 


How Polyether Foams Compare 


@ Major benefits offered by ure- 
thane foams of the polyether type, 
in comparison with the adipic 
polyester types, (adipate foams), 
are 1) a relatively smooth loading 
curve, greatly reducing the pla- 
teau effect common to the adipic 
polyester types, 2) high resilience, 
or rebound, and 3) a relatively 
high degree of resistance to hu- 
midity aging and to chemicals. 
This combination of properties 
provides excellent cushioning char- 
acteristics. On the other hand, 
adipate foams have a_ higher 
hysteresis (or energy loss) than 
the polyether types and thus are 
more suitable for shock absorption 
applications. 

Data are presented here for a 
commercially available polyether 
foam in comparison with both 
original and improved polyester 
types (see box on next page). 





Load-deflection curves for poly- 
ester and polyether foams. 




















Cushioning characteristics of polyether foams make them well suited for use 
in furniture. 








with other flexible urethane foams in... 


1. Physical properties 


Compression-deflection, hystere- 
sis and resilience—Loading curves 
for the three different foams are 
shown in the accompanying graph. 
Both polyester foams show a high 
initial stiffness followed by a 


initial deflection range and a less 
pronounced plateau in the re- 
mainder of the curve. 

Resilience and hysteresis values 
for typical foams of these three 
types are shown in Table 1. Poly- 



























plateau effect. Polyether foam ether foam, in comparison with 
shows a more gradual rise in the adipic polyester types, has a 


TABLE 1—MECHANICAL PROPERTIES 























Adipic Adipic 
Material > Polyether* Foam | Polyester Foam | Polyester Foam 
(improved) (original) 
Density, Ib/cu ft.............eeec0eeeee eee. 22 | 22 2.2 
Rebound, % 
sca ccacceh ict anaevn vet 35-45 25-35 20-30 
MA bhss eG, Sa 2550 elds CaR el 45-55 35-45 30-40 
is inant tavicerndendesv’ 36 52 53 
i ee 18-24 20-30 16-20 
EE 3-5 4-6 3-5 
eh aes ssw ie eas aed ae ed 250-400 200-300 150-250 
Compression Set, % of defle............. 5-15 6-18 6-18 
Ly Deda ve bec desks vesle ds 2.5 2.8 2.8 
Flex Resistance 
Change in Height, %................... —1.5 | —6.0 | —2.4 
Change in Indentation-Load, %.......... —25.9 —38 —40 
Low Temp Flexibility, % loss in flexe | 
lk inet oy ne NOE. 55 77 70 
iI <2 9p ee IIE Preys 80 | 93 | 93 
*Polyfoam. 
>Hysteresis values are calculated from the loading and unloading curves by the following formula: 





(area under loading curve—area under unloading curve) 





Hysteresis = area under loading curve X 100. | 
*ASTM D1055-54T. ' 
4RMA standard flexing test; 250,000 flex cycles. 
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TABLE 2—THERMAL CONDUCTIVITY: 








Avg | K Value, 
Material Mean | Btu/hr/sq ft/°F/in. 
Temp, F | 
Polyether Foam 
| re 0.27 
40..... 0.24 
Adipic Polyester 
Foam (improved, 
at <e Sakae , 0.28 
Wikis: 0.26 


Polystyrene Foam 
(closed cell 2.2)} 32..... 0.24 


Rock Wool (6.0). .} 70..... 0.26 
Glass Wool (4.0)..} 70..... 0.29 
Compressed Cel- 

lulose (13.2)....] 70..... 0.34 








Cork (8.0)....... cs a 0.26 


®*ASTM C177-45, Guarded Hot Plate Method. 
bDensity in lb per cu ft given in parenthesis. 





marked reduction in energy loss 
and improved resilience, or re- 
bound. These characteristics rep- 
resent an improvement in the 
properties of a foam for many 
cushioning uses. Polyether foam 
also retains its resilience after 
flexing, as contrasted with a loss 
in resilience for original polyester 
foam. Resilience values shown in 


TABLE 3—ACOUSTICAL PROPERTIES: 














Sound Absorption Coefficient 
Material 125 250 | 500 | 1000 | 2000 | Noise Re 
5 Cps Cops | Cps Cps | Cps Coef* 
ET Peers 0.21 0.28 | 0.40 | 0.56 | 0.70 | 0.49 
Adipic Polyester Foam (improved). .. .. 0.16 0.21 | 0.38 | 0.41 0.48 | 0.37 
Latex Foam (med density)............ 0.24 0.21 | 0.24 | 0.21 0.41 | 0.26 
Compressed Cellulose 
aes ¢cbkaniees ihadiaince 0.19 | 0.35 | 065 | 0.24 | 0.24 | 0.33 
a ie re gees 0.25 0.62 | 0.71 | 0.76 0.70 | 0.70 
eee 0.08 0.13 | 0.52 | 0.64 0.56 | 0.46 











“Impedance tube method. High value indicates high sound absorption. Values are for 1l-in. thick 


material. 
bAverage of coefficients at 250-2000 cps. 


Table 1 may be somewhat lower 
than those obtainable from foams 
based on polytetramethylene ether 
glycol. 

Strength and set—Table 1 also 
compares tensile and tear strength, 
elongation and compression set 
characteristics of the three types 
of foam. Although polyether foam 
does not exhibit the extremely 
high tensile strength values pro- 
vided by some formulations of 
improved adipate foams, it is ade- 
quate in both tensile and tear 


strength. It shows a definite in- 
crease in elongation over both 
polyester foams. Polyether foams 
have relatively low compression 
set values; extremely low values 
have been obtained on selected 
formulations. 

Flex resistance—Results of flex- 
ing tests carried out according to 
the standard RMA (Rubber Manu- 
facturers’ Assn.) method indicate 
no breakdown and only minor re- 
ductions in height after 250,000 
cycles of compression to 50% ata 


The Polyethers: Newest of the Urethanes 


Urethane foams are expanded 
plastics materials formed by re- 
acting diisocyanates with resin- 
ous polymers (see MATERIALS & 
METHODS, June ’56, p 143). The 
original flexible urethane foams 
were adipic polyester-isocyan- 
ates, first introduced commer- 
cially in this country in 1954. 
Early foams had definite limita- 
tions, such as a harsh boardy feel 
caused by the high modulus at 
low deflections; low resilience at 
both normal and low tempera- 
tures; and, in some cases, un- 
satisfactory resistance to humid- 
ity aging. 

Adipic and dimer polyesters 

Improvements in adipic poly- 
ester-isocyanate urethane foams 
have produced materials with 
higher resilience and improved 
loading curves. However, the 
extreme plateau effect in the 
compression-deflection curve still 
persists, making the materials 
unsatisfactory for many cush- 
ioning applications. 


One recent and promising 
approach to improving polyester- 
type urethanes is the use of 
dimer acid polyesters. Foams 
produced with these resins have 
good resistance to humidity 
aging and also possess a fairly 
good loading curve. Since it is 
too soon for a complete evalu- 
ation of these materials they are 
not included in the comparisons 
given in this article. 


The nature of polyethers 

The polyether approach to 
providing acceptable cushioning 
materials consists of creating a 
new backbone polymer based on 
polyether glycols. In such foams 
the ether linkage replaces the 
ester linkage. 

Polyether foams can be pro- 
duced from a wide variety of 
glycol ethers as starting mate- 
rials; thus several different 
types of polyether urethane 
foams have been developed based 
on polytetramethylene ether gly- 
col, modified ether glycols such 
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as Pluronics or Tetronics, and 
polypropylene glycols. 
Some problems arise 
Polyester-type urethane foams 
can be produced by either the 
one shot, three-component sys- 
tem, or the prepolymer system. 
Polyether types, because of the 
slow reaction between polyether 
glycols and isocyanates, utilize 
the two-stage prepolymer sys- 
tem. A prepolymer is first made 
by reacting the polymeric glyco] 
with an isocyanate. This pre- 
polymer is mixed with the acti- 
vator at the foaming machine. 
This type of processing raises 
the problem of modifying mix- 
ing equipment without sacri- 
ficing efficiency. Solution of such 
problems as controlling size and 
uniformity of cells and main- 
taining optimum curing condi- 
tions has also required concen- 
trated effort. In spite of these 
problems production of polyether 
foam is now on a commercial 
scale, 
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of 60 cpm (Table 1). 

ow temperature flexibility of 
the early adipate foams was gen- 
ernily not good enough to permit 
their use for outdoor cushioning 
in cold weather. Polyether foams 
show much greater flexibility at 
low temperatures than do the 
adipate foams. 

Thermal and acoustical insu- 


€ 
— 








lating properties — Results of 
thermal conductivity tests are 
shown in Table 2. Conductivity 
values for other thermal insu- 
lating materials are included for 
comparison. The polyester and 
polyether foams appear to be ap- 
proximately equivalent and com- 
pare favorably with other insu- 
lating materials. 


2. Chemical properties 


Chemical resistance—Polyether 
foam’s superior resistance to sol- 
vents, oils and other chemicals is 
shown in Table 4. Although this 
superiority is significant, both 
polyester and polyether foams 
show good oil and solvent resist- 
ance in comparison with commer- 
cial non-oil resistant cellular ma- 
terials. 

Humidity aging—Although im- 
properly formulated adipate foams 
tend to degrade on exposure to 
high humidity, improved formula- 
tions have proved quite satisfac- 
tory under normal aging condi- 
tions. Polyether foams have proved 
to have even greater resistance to 
deterioration under humid condi- 
tions. 

Several test methods to deter- 
mine humidity aging resistance 
have been developed, and the SPI 
(Society of the Plastics Industry, 
Inc.) Autoclave Test has been 
tentatively adopted as a standard. 
We believe that a long term hu- 
midity cabinet test provides a 
better index of the hydrolytic 
stability of a foam material than 
any short accelerated test in closed 
containers. 

Table 5 lists results of tests 
conducted on the three types of 
foams, both in a humidity cabinet 
and by the autoclave method. The 
three types of foam follow ap- 
proximately the same pattern of 
aging under both tests. The su- 
perior hydrolytic stability of poly- 
ether foam is emphasized by long 
term tests such as those carried 
out in the humidity cabinet. Note 
that the polyether foam appears 
to reach a plateau in loss of com- 
pression-load properties; from 


that point on little further change 
takes place. The adipate foams, 
however, continue to deteriorate 
under the severe conditions of 
this test. 

Flame resistance—In general, 
the flame resistance of polyether 
foam is not quite as good as that 
of polyester foam. Reasonably 
good flame resistance can be pro- 
duced in either foam by formu- 





Sound absorption coefficients fox 
polyester and polyether foams are 
shown in Table 3. Values for sev- 
eral commercial acoustical mate- 
rials are also presented for com- 
parison. Polyether foam appears 
to be somewhat better than poly- 
ester foam in absorption of sound; 
at high frequencies it is equiva- 
lent to perforated cellulose. 


lating with special additives. 
However, the degree of flame re- 
sistance obtained is usually not 
justified in the light of the dele- 
terious effect of the additives on 
such properties as tear strength 
and resistance to humidity aging. 


Adapted from a paper delivered at the Iso- 
cyanate Symposium of the Upper Midwest 
Section of the Society of Plastics Engineers, 
Inc., Oct °57. 


TABLE 4—CHEMICAL RESISTANCE 
(% Change after 7 Day Immersion at Room Temp) 





























Tensile Strength | Elongation Tear Strength 
Chemical Adipic | Adipic | Adipic | 
a Polyester | Polyether | Polyester | Polyether | Polyester | Polyether 
Ee eer —29 | —10 —26 —-4 | -6 | 412 
0 ee —48 | —23 —4} — 4 — 2 + 9 
Carbon Tetrachloride....... —22 ie 8 —16 0 —> | «4 
ee —29 | —16 | -—19 0 0 — 3 
Re ioc. seewdan cas —37 | —4 —3) +20 — 3 + 3 
Linseed Oil..................) 47 —24 —49 —13 —2/ + 3 
ASTM No. 1 Oil..............]) —3l1 — 4 —3l + 4 —ll + 6 
ASTM No. 3 Oil.............. —26 —19 —19 — 9 +7 0 
Acetic Acid (5%)............ —25 | +2 —25 +12 — 6 +12 
Sodium Hydroxide (5%)...... Failed | + 5 Failed —29 Failed +12 
Hydrochloric Acid (5%) Failed + 6 Failed +12 Failed | +18 





TABLE 5—HUMIDITY AGING RESISTANCE 


(% Retention of Compression-Load after Aging) 








Material = | Adipic Polyester | Adipic Polyester 
Polyether (improved) | (original) 
Humidity Cabinet Test* 
ei ay 5s th eabeead og al 98 92 83 
SS ee eee ae 93 86 74 
rts, ELA ccs tars o Sakis Repealie A» 45 93 78 50 
PETG vc vii-4b vas sees BEN 0 U8 sabe 90 62 Failed 
ror Ter eror rer me 83 Failed — 
EE ee aE 74 — — 
Autoclave Test» 
RRS Os PO cee ree 88 78 | 75 
et tke 5 ox cncade eae ab eel 77 70 | 61 
ROM CS 252 2 ee ee es oe 77 62 | 46 
ee ee Pe ee rr 72 58 Failed 
SS) 5: Jidioebh cada. c send aces sus 70 | 50 | -- 
24 Hr 72 — | — 











*Humidity cabinet at 158 F, 95-100% RH. 


bSteam autoclave at 220 F. 
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ty 
Cooper Alloy Corp. Paul Hardeman, Inc. 


reducer and other fittings are welded together... 


Paul Hardeman, Inc. 


... to form primary loop section of nuclear reactor. 


Stainless Castings with 
Unusual Hot Strength 


Close control over solidification yields cast valves @ Cast stainless steel valves and 
‘ P . P fittings for high pressure, high 
and fittings with strength of 20% higher than required temperature applications are now 


available on a production basis. 
by the code for unfired pressure vessels. ge agen ay Hebi 


parts, produced from extra low 
by Carl Tylka, Nuclear Project Engineer, Cooper Alloy Corp. carbon 18-8. stainless steel, have 
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con-iderably higher mechanical 
pr erties than required by ASME 
spe ifications for cast or forged 
maierials for unfired pressure 
ves els. 

These cast fittings are used in 
the primary loop of an Atomic 
Energy Commission pressurized 
water reactor designed to operate 
at 2500 psi and 670 F. Although 
east stainless valve bodies have 
been used in other reactors, this 
is the first time cast fittings have 
been employed in a primary loop. 
In addition to their nuclear energy 
applications, these fittings and 
valves, some weighing 2 tons, are 
used in the chemical processing 
and power industries. 

Fittings are made in sizes rang- 
ing from 6 to 30 in. and include 
45 and 90-deg elbows, tees and 
reducers. Valve bodies range from 
4 to 30 in. 

To insure conformance with 
specifications, all castings are 
tested by dye penetrant and x-ray 
methods; they must meet the 
minimum radiographic standards 
for steel castings given under 
Class 2 of ASTM specification 
E71. Each valve or fitting is also 
tested hydrostatically at room 
temperature to a pressure of 6000 
psi. 

Advantages 

1. Strength—Because the me- 
chanical properties greatly exceed 
code requirements, these castings 
increase the factor of safety in 
code work. Alternately, for non- 
code applications, walls can be re- 
duced in thickness to save weight 
while retaining adequate strength. 

2. Economy—Before the devel- 
opment of these castings, only 
forgings were specified for fittings 
to be used in nuclear energy appli- 
cations. In sizes below § in. forg- 
ings and castings are competitive 
in price, but castings become less 
expensive with increasing size. 
In large fittings (about 24 in.) 
use of castings has resulted in 
savings ranging up to 40%. 
Properties 

The mechanical properties of 
production heats of cast stainless 
steel, Grade CF8, produced by 
Cooper are compared with mini- 


mum specification values in Table 
2. At room temperature, yield and 
tensile strengths range as much 
as 33% higher than the specifica- 
tion requirements, and elongation 
and reduction of area range up to 
50% higher than the requirement. 
Room temperature ductility of the 
castings is shown more clearly by 
the impact values. These range 
up to as much as three times the 
minimum required. 

The code requires a minimum 
yield strength of 18,300 psi and a 
minimum tensile strength of 
51,000 psi at 670 F, the operating 
temperature of the loop. On a 
sampling of 25 production heats 
of CF8 castings out of 150 heats 
made to date, yield strengths 


ranged from 22,000 to 27,000 psi; 
tensile strengths from 56,000 to 
64,000 psi. Although elongation 
and reduction of area are not 
specified in the code, values ob- 
tained show high ductility at the 
operating. temperature. 


TABLE 1—YIELD STRENGTH AT 650 F 














Yield 

Steel Specification | Strength, 

1000 psi 
Cast Stainless*.. ..| SA351-CF8 18.3 
Forged Stainless*..| SA182-F8-304 17.9 
Cast Stainiess>....| ASTM 351-CF8| 22-27 





*Minimum yield strength required by ASME 
Unfired Pressure Vessel Code, Section VIII, 
calculated by: Yield Strength = Allowable 
stress + 62.5%. 

bRange of test values on material produced 
for Atomic Energy Commission. 


TABLE 2—PROPERTIES OF CFS CASTINGS 





























Yield Tensile | | Reduction | Charpy Impact 
Temp, F | Strength, | Strength, | Elongation, | of Area, (V-notch), 
1000 psi 1000 psi % | % ft-lb 
Se) eae 30 70 35 | 40 50 
| Castings*®............. 33-40 73-82 41-59 | 45-62 69-150 
m..... ee 18.3 51.0 - | = cm 
Castings*............. 22-27 56-64 32-46 37-52 = 








*Range of values on 25 production heats. 








The most serious problem in- 
volved in obtaining high me- 
chanical properties in a finished 
valve or fitting is attaining cast- 
ings meeting the porosity and 
internal shrinkage requirements 
of ASTM E71, Class II or Class 
I X-Ray Specifications. 

When stainless steel solidifies 
after casting it undergoes 6 to 
7% volumetric shrinkage. As 
metal is drawn from the liquid 
areas to fill the resulting shrink- 
age voids, the final area affected 
is the center of the casting 
where a shrinkage cavity ap- 
pears either as a hole or a web- 
like, interconnected series of fine 
porosity cracks, sometimes called 
“centerline weakness.” 

In many cases shrinkage voids 
can be prevented in the foundry 
by using carefully proportioned 
and positioned risers to feed 
liquid metal to the affected 





How the Castings Are Made 


area. However, risering does not 
work if centerline shrinkage 
occurs in metal sections of uni- 
form thickness. Since solidifica- 
tion and_ shrinkage proceed 
simultaneously from both sides 
of the center of a uniform sec- 
tion, metal freezing in the area 
close to the riser prevents the 
flow of liquid metal to the more 
distant side. 

To eliminate centerline shrink- 
age, therefore, the original de- 
sign incorporates a_ tapered, 
rather than a uniform, metal 
section. In the tapered section, 
solidification proceeds gradually 
from the thinnest section toward 
the thickest. The last metal to 
freeze lies immediately adjacent 
to the riser for easy feeding. 
This technique, called “progres- 
sive solidification,” permits the 
routine production of large, com- 
plex castings. 
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Glass Coatings - 
A Good Way to Protect Metals 


New formulations with unusually favorable 
combinations of properties are leading to new uses. 
This article describes: 


» Chemical and mechanical properties 
» What kind of performance you can get 
» Design factors you must consider 


by Charlies E. Bullock and Forest Nelson, A. 0. Smith Corp. 
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PRESENT—Principal uses for la, 


One of the outstanding uses of corrosion 
resistant glasses is for coating smokestacks 
About 95% of all unlined carbon steel stack 
failures are caused by internal and externa] 
corrosion. Moisture entrained in flue gases js 
cooled and condensed as the gases pass up the 
stack. Sulfur dioxide formed in the combustion 
of fuels readily dissolves in the condensate to 
form sulfurous solutions that attack steel, 
Glass lined stacks have proved extremely resis. 
tant to this form of corrosion, lasting three to 
five times longer than plain steel stacks jn 
similar service. There is no need for yearly 
inspections and costly shutdowns are avoided, 
Also, since glass coatings weigh only about 
5 oz per sq ft, as compared to 50 lb per sq ft 
for protective brick and concrete linings, they 
can be used with lighter weight foundations 
and supports. 

Because of their high corrosion resistance, 
glass linings are ideally suited for protecting 
storage units and vessels. Glass linings are 
used to protect grain storage units that must 
be weather resistant on the outside and resist- 
ant to contamination on the inside. 


In addition to linings for hot water heaters 
and brewery storage tanks, linings have been 
perfected for chemical autoclaves. Extreme 
reactions occur in these vessels (the unit shown 
can be used up to 330 psi), and the linings are 
ideally suited for resisting the constant abra- 
sion of rough-surfaced, churning chemicals. 


@ Glass coatings and linings are 
primarily noted for their high 
resistance to corrosion and for 
their long trouble-free service in 
hot water heaters and liquid stor- 
age tanks. In the past, the high 
corrosion protection offered by the 
coatings has tended to overshadow 
their other significant engineering 
properties; namely, their high 
hardness, abrasion resistance and 
dielectric strength, low coefficient 
of friction, and good to excellent 
heat and oxidation resistance. 
Recent development of new glass 
formulations designed to take ad- 
vantage of this unique combina- 
tion of properties has led to a host 
of new applications. 
What is a glass coating? 
Over 50 different inorganic ra\ 
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materials are presently used in 
compounding glass coatings, and 
well over 3000 formulations are 
available. Any one formulation 
usually contains only 10 or 12 
basic materials, selection of which 
depends upon the end use of the 
coating. Typical coatings for steel 
consist basically of silica and alu- 
mina, and oxides of boron sodium 
and potassium. 

Silica is the basic ingredient of 
all glass linings. Alumina is used 
to improve corrosion resistance, 
and cobalt to provide adhesion. In 
varying degrees, sodium, potas- 
sium, boron and fluorine all serve 
to lower the melting temperature 
of the glass. In addition they also 
possess individual properties that 
are taken into consideration for 
each formulation. 


Glass coatings and porcelain 
enamels are quite similar, differ- 
ing primarily in end use. Porce- 
lain enamels are usually, but not 
always, used to improve the ap- 
pearance of, and give protection 
to, consumer products. Usually 
applied over light gage metal, they 
are long wearing, resistant to 
citric acids and other mild acids, 
fairly resistant to abrasion, and 
usable at low temperatures. Glass 
linings, on the other hand, are 
used primarily for heavier duty 
industrial applications and are 
usually applied to heavy gage 
metal. 

Properties 

Corrosion resistance — Glass 
coatings can be formulated to re- 
sist a wide variety of corrosive 
media. For example, they can be 







Chemical reactor of new design 





made to resist all organic acids 
and inorganic acids except hydro- 
fluoric (which dissolves silica, a 
major component of glass). In 
many cases the corrosion resist- 
ance of glasses actually improves 
with increasing acid concentration 
up to operating temperatures of 
300 F. Under certain conditions 
this temperature limit can be ex- 
ceeded. (See graphs on p 109 for 
practical temperature - concentra- 
tion limits in four common acids. ) 

Despite the fact that silica is 
naturally soluble in alkalis, formu- 
lations can be produced that with- 
stand pH up to 12 at 210 F. Glass 
linings are frequently used in 
laundry equipment and dishwash- 
ers where high resistance to alkali 
detergents is needed. 

The resistance of glass linings 


PROPERTIES OF GLASS LININGS 





PHYSICAL PROPERTIES 





I ca ch 5eds0s6esecrcanncnns 2.56 
Modulus of Elasticity, psi............. 6-9 x 106 
I ts oie asinidvcs vcudadeeenwuar 6 
Adhesion Strength, psi................ 5-10,000 
Dielectric Strength, v/mil............. 600-1000 
CHEMICAL RESISTANCE 

Sn « snerebhid<dutaneh + enpadis All 
Inorganic Acids......... All except hydrofluoric 
nett a5 cecsdean sins Up to 12 pH at 210 F 





THERMAL PROPERTIES 

Coef of Ther Exp (avg), per °F..... 50-208 x 10-7 
Max Operating Temperature, F............ 500 
Thermal Shock Resistance, A\°F........... 305 





®For chemically resistant glasses only. Special 
high temperature glasses will withstand 
1500 F. 
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FUTURE—Glass coatings may be widely used for automotive, agricultural equipm 


Future designs of moving engine and automatic trans- 
mission parts may be protected by special glasses. Re- 
search indicates that glass coatings on parts such as 
bearings, gears, cams, pistons and rings will reduce fric- 
tion appreciably and result in less wear, longer life, 
reduced maintenance and greater efficiency. 

One of the most interesting experimental uses of glass 
coatings is on cultivator blades and plowshares. Under 





Automotive piston rings 


coated blades, 


Blade for cultivator 


ordinary field conditions unprotected blades are su} 
to extreme wear and must be replaced frequently. Gilags 
however, reduce friction and incr:: 
resistance to abrasion and corrosion. They provide much 
longer life, and are capable of markedly reducing mainte. 
nance. The glass will crush if it comes in direct contact 
with sub rock; nevertheless, the damage incurred is not 
expected to be particularly detrimental. 








to hot water is well known. Hot 
water will corrode most engineer- 
ing materials, and even some acid 
resistant glass linings; however, 
special glass formulations are 
available that resist all types of 
water in all geographic locations. 

Heat and oxidation resistance— 
In general, the peak operating 
temperature of most glass coat- 
ings is about 500 F. In recent 
years, however, special formula- 
tions have been developed for pro- 
tecting metals (such as jet ex- 
haust ports) at extreme tempera- 
tures. Coatings have been devel- 
oped to protect carbon steels from 
oxidizing at continuous operating 
temperatures of 1250 F, and to 
protect stainless steels up _ to 
1500 F. Means of further extend- 
ing these limits are being sought. 

Many formulations are also dis- 
tinguished by their high resist- 
ance to thermal shock. In some 
cases they will withstand a tem- 
perature differential up to 305 °F. 
Formulations can be produced 
with a coefficient of expansion 
which closely matches that of any 
base metal. For example, formu- 


lations have been developed for 
410 stainless steel and Invar ma- 
terials with low temperature in- 
versions. 

Other properties—In addition to 
their inert composition, glass coat- 
ings possess a smooth surface 
which is free from pores and im- 
pervious to absorption. They also 
have extremely high abrasion re- 


sistance and high hardness (about 
6 Moh). Dielectric strength is also 
high, ranging from 600 to 1000 v 
per mil. 

Adhesion of glass linings to 
metals is usually thought to occur 
by a mechanical bond. Actually, 
the bond is largely chemical and 
is of such strength that it cannot 
be measured by the ordinary 





In producing glass for coat- 
ings the elements (see text) are 
blended together and charged 
into a box smelter. The materials 
are heated to a molten state— 
about 2300 F—and quenched in 
cold water which shatters the 
glass into small pieces called 
“— 

The frit and a special ball 
clay are then milled into a fine 
powder and added to water to 
make a solution called a “slip.” 
This slip is applied to cleaned 
surfaces by spraying, dipping or 
flow coating. 

After application, the coating 





How Glasses 


Are Made 


is dried at 300 F and then fired. 
Firing temperature depends on 
the glass formulation, but is 
usually 1600 F. Firing time de- 
pends on thickness of the metal, 
and shape and structure of the 
part. 

One glass coat is sufficient for 
many types of service. However, 
where service is liable to be 
severe, three to five coats may 
be required. Chemical ware is 
tested by visual inspection, and 
also by electrical tests using a 
30,000-v spark tester which de- 
tects pinholes and punctures 
thin spots. 
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means used for organic coatings. 
Tests have shown values of adhe- 
sion strength up to 10,000 psi. 
Design factors 

Base metal selection—Glass lin- 
ings can be fused to a variety of 
metals, such as copper, aluminum, 
silver, gold and stainless steel. 
Most industrial applications, how- 
ever, utilize low carbon steels as 
a base metal. 

Selection of the proper type of 
carbon steel is quite important in 
order to obtain a good coating. 
For example, a rimmed _ steel 
(ASTM A285), grade A or B 
flange quality, with a carbon con- 
tent of less than 0.20% is usually 
required for glass lined brewery 
storage tanks, chemical processing 
reactors and water heater tanks. 
With this steel as a base, such 
defects as fishscaling, blistering, 
crazing and poor adhesion are 
avoided. 

Thickness—In designing a tank 
or vessel, the thickness of the 
base metal is usually a function 
of operating pressure and tem- 
perature. However, where a glass 
lining is used, the strength of the 









vessel at 1600 F (the temperature 
required to fuse glass to steel) 
may well be the controlling factor. 
For example, ordinarily an un- 
lined brewery tank with a 1-in. 
wall and *%-in. heads would be 
sufficient to withstand pressure of 
15 psi. However, if a glass lining 
were to be applied to this same 
tank, the structure would sag and 
distort when fired at 1600 F in 
the glass coating operation. 
Consequently, greater section 
thicknesses are sometimes. re- 
quired, not because of actual oper- 
ating conditions, but because of 
the high glass firing temperature. 
Thermal stress—This is another 
problem to be considered in de- 
signing a product for use with a 
glass coating. For economy rea- 
sons, parts are usually heated to 
the glass firing temperature as 
quickly as possible. Unless the 
part is properly fabricated this 
rapid temperature rise will induce 
stresses and distortions. These 
can usually be avoided by design- 
ing the part so that all sections 
are heated up at the same rate. 
Welding of heavy sections to light 


sections should be avoided where- 
ever possible. 

Weld deposits—Glass coatings 
can be successfully applied to 
weld deposits provided that proper 
control is exerted. Composition of 
welds should be similar to that of 
the base metal to insure a com- 
mon reaction to heating and cool- 
ing during the glass firing opera- 
tion. Flash welds and oxyacety- 
lene welds can be coated satisfac- 
torily provided they have a smooth 
finish and are free of pinholes, 
dirt and grease. 

Coated electrodes used in man- 
ual welding will produce satisfac- 
tory results if the above condi- 
tions are maintained and if the 
deposits are free of hydrogen and 
cellulosic and carbonaceous mate- 
rials. Hydrogen in weld deposits 
is emitted as the glass coating 
cools after firing and can cause 
defects in the coating. In order 
to eliminate hydrogen it is usually 
necessary to bake the electrodes 
to at least 600 F to drive off all 
moisture, and to seal the elec- 
trodes against moisture until they 
are ready for use. 
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Small and large—Uses for wire cloth range from 
small strainers used in aircraft and appliances to 
huge cylindrical retaining screen. 





» 


Cambridge Wire Cloth Co. 






” Newark Wire Cloth Co. 













How to Select Woven Wire Cloth 


Weave, wire size, capacity, material—these are the size of particle or object to be 


; ’ : separated or excluded by the cloth. 
some of the important factors you must consider in The distinction between space and 


. ° ° “mesh” is important (see defini- 
reparing a specification. 
pier g Pp fi tions, p 111). For example, two 


| cloths of different mesh and dif- 
ferent wire size can have the 
by John L. Everhart, Technical Editor, Materials in Design Engineering Same space or size of opening, 

i.e., &@ square mesh screen with 

1%4-in. opening could be 3 x 3 mesh 
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with 0.080-in. wire or 24% x 2% = 
@ Woven wire cloth is used in a make an initial choice and to mesh with 0.148-in. wire. ve 
wide range of industrial applica- consult intelligently with a pro- 3. Determine wire size. The bI 
tions for grading, filtering, strain- ducer of wire cloth in the final capacity of wire cloth depends on al 
ing, washing, guarding, reinforc- selection. both space and wire size. The two 
ing and decorating. The require- Selection of the cloth cloths mentioned in 2 above, for x 
ments of specific applications are 1. Determine type of weave. example, have equal openings, but . 
so varied that each must be con- Most common weave is the plain, the cloth with the smaller wires te 
sidered from such standpoints as or square, weave but a number of has a total open area of 57.6%, , 
operating temperature, corrosion other weaves have been developed, compared with 39.7% for the cloth d 
resistance, vibration and imposed _ each having advantages for acer- with the heavier wires, and thus n 
load. To meet these different re- _tain type of service. Some of the a greater capacity. On the other . 
quirements, a variety of meshes more common weaves are illus- hand, the cloth with the greater 1 
has been developed, each pro-_ trated and discussed briefly on capacity can be expected to have r 
duced in a range of sizes and ma-__ page 112. a shorter life than the heavier I 
terials. Becoming familiar with 2. Determine “space.” Since cloth. l 
the characteristics of these meshes “space” is the actual size of open- Open area can be determined 





and materials will enable you to ing, selection depends mainly on by the following formula: 
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\rea = (1I—ND) (1—nd) 
where N= number of wires in warp 
per in. 
n = number of wires in shoot 
per 1n. 
D=dia of wires in warp 
d = dia of wires in shoot 

4. Determine mesh. Mesh in 
square or rectangular mesh cloth 
is determined by adding space 
and wire diameter together in 
each direction and dividing each 
total into the unit 1. For example, 
if the space in the warp direction 
is 0.048 in. and the diameter of 
the shoot wire is 0.035 in., the 
sum in the warp direction is 
0.083 in. The reciprocal of this 
sum is 12 which is the warp mesh. 

As indicated previously, cloths 
of the same mesh can have dif- 
ferent openings and wire sizes. 
For example, a 2 x 2 mesh cloth 
with 0.120-in. wire has a %-in. 
opening and 57.8% open area; 
the same mesh woven with 0.177- 
in. wire has only a 5/16-in. open- 
ing and 41.7% open area. 

In order to avoid confusion, in- 
clude wire size in specifications, 
giving it in thousandths of an 
inch. Always gives the size of the 
warp wire first, the shoot wire 
second. For example, 7 x 4 mesh, 
0.035”/0.063” means: 7 mesh and 
0.035-in. wire in the warp; 4 mesh 
and 0.063-in. wire in the shoot. 
Selecting the material 

Wire cloth can be produced from 
any metal that can be drawn into 
suitable wire that is sufficiently 
ductile to permit weaving. Among 
the more common materials are 
carbon steel, stainless steel of 
various grades, copper, brass, 
bronze, nickel, monel, Inconel and 
aluminum. 

Standard industrial wire cloth 
is generally made in a variety of 
mesh sizes, depending on the ma- 
terial. Thus, square mesh cloth 
in plain weave is generally pro- 
duced in carbon steel to 60 x 60 
mesh; in aluminum to 70 x 70 
mesh; in brass to 120 x 120 mesh; 
in copper to 100 x 100 mesh; in 
monel to 200 x 200 mesh and in 
phosphor bronze, monel and stain- 
less steel to 325 x 325 mesh. 

Selecting the metal to be used 
in wire cloth should be done only 





after a trial under the specitic 
conditions of use. However, since 
certain materials have been used 
successfully in varied applications, 
it is possible to make some broad 
generalizations as a basis for pre- 
liminary selection. 

Plain steel wire cloth is the 
most widely used material for 
general service and greatest econ- 
omy. However, it is subject to 
rusting. If the use is decorative, 
a coating may be required to pre- 
serve an attractive appearance. 
Coatings may also be required in 
screening operations, since forma- 
tion of rust will blind the screen 
and reduce its efficiency. 

The most common method of 
overcoming this problem is to use 
cloth woven from tinned or gal- 


vanized wire; tinned wire is pre- 
ferred for handling food products, 
galvanized for all other applica- 
tions. For service under severe 
conditions, cloth that has been 
galvanized after weaving is pre- 
ferred because the coating is 
thicker than that applied to pre- 
coated wire. This coating has the 
additional advantage of forming 
joints at the wire intersections 
and increasing the rigidity of the 
mesh. However, it should not be 
specified for cloth finer than about 
8 mesh. A more expensive, and 
therefore less frequently used, 
method of protective coating is 
electroplating of the woven fabric 
with cadmium, chromium or tin. 

Protective coatings can also be 
applied by phosphate coating, 





Some Important Definitions 


Space The width of clear open- 
ings between parallel wires. It is 
customary to designate the size 
of openings in. inches. 


Mesh The number of openings 
per linear inch measured from 
center to center of parallel wires. 
For example, a No. 4 mesh has 
four openings in a linear inch. 


Warp wires The 
wires running the 
long way of the 
cloth as woven. 


Shoot wires The 
wires running the 
short way of the 
cloth as woven. 


WARP WIRES -—> 





Coarse mesh’ Cloth with a mesh count of less than 30 by 30. 


Fine mesh* Cloth with a mesh count finer than 90 by 90. 





® Federal Specification RR-C-440. 
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Types of Weaves 








Square weave is the simplest and 


most commonly used wire cloth 
weave. It permits positive control of 
the size of materials to be screened, 
strained or filtered. 


Rectangular weave, differing from 
square weave only in having the 
mesh count greater in one direction 
than the other, is often used for 
economy because it is easier to loom 
than square weave. It is particularly 
suited to the separation. of materials 
that are not round or square; one 
use is the grading of seed. (Photo 
shows triple warp weave.) 


Twilled weave is produced by pass- 
ing each shoot wire alternately over 
and under two warp wires instead of 
one. Twilled weave can be produced 
with square or rectangular openings, 
but is stronger than the plain weaves 
mentioned above. It is used particu- 
larly where the cloth must withstand 
relatively heavy loads. 


Dutch weave is produced by using 
heavier wire in the warp than in the 
shoot and forcing each shoot wire 
tightly against the next one. It is 
used primarily as a filter cloth. 


Twilled Dutch weave, produced by 
combining twilled and Dutch weaves, 
is used for filtering applications in 
which the cloth is required to with- 
stand heavy loads. 


Herringbone twill weave is pro- 
duced by reversing the ridges of a 
twilled weave at regular intervals. 
It is used primarily for its decorative 
effect where the cloth will be visible 
in the finished product. 


Photos from Reynolds Wire Div., National Standard Co. 





Michigan Wire Cloth Co. 
Redesign with Dutch weave (left) 
produced a filter that can be made 
more easily and at less cost than con. 
ventional filter (right). 


varnishing or painting. Plastics 
coatings of various types are used 
for decoration, for electrical insu- 
lation and for certain food han- 
dling uses. 

Corrosion—The problem of se- 
lection for service in corrosive 
environments differs only in de- 
gree from that encountered with 
any corrosion problem. Generally, 
only the most resistant material 
available is satisfactory as woven 
wire because of the small diameter 
and large surface area involved 
Among the materials most used 
are various stainless steels, monel, 
brass, phosphor bronze and silicon 
bronze. Some of these materials 
are available only in limited mesh 
sizes. 

Abrasion—To handle abrasive 
materials, it is generally advisable 
to select special abrasion resistant 
steels. However, these steels are 
difficult to work and usually can 
be obtained only in relatively 
heavy mesh because of difficulty 
in drawing wire finer than about 
18 gage. For finer abrasive mate- 
rials, stainless steels, monel and 
possibly phosphor bronze are sug- 
gested. 

Heat—For handling hot mate- 
rials, the selection of a suitable 
alloy wire depends on the tem- 
perature. Up to 1400 F, stainless 
type 347 is useful; for tempera- 
tures to 1600 F, stainless types 
309 and 310 can be used; and for 
temperatures to 2000 F stainless 




















cee 


Some applications of wire cloth 


Filtering and straining 

Although related, the two terms are generally 
listinguished by their intended application. Fil- 
tering is the separation from a liquid or a gas of 
a material known to be present. Straining is the 
removal of material that should not be present; 
thus the operation is a protective device to assure 
proper operation of equipment. 

Square mesh cloth coarser than about 80 x 80 
mesh is used in process filtration, but finer sizes 
are generally not used because of low strength 
and service life. The most common type of filter 
cloth is Dutch weave. In forming this cloth each 
shoot wire is forced against the adjacent wire, 
and the only open area results from passage of 
the shoot wires over and under the warp wires. 
Since the openings are wedge shaped through the 





rated in this manner are coal, limestone, tale and 
metal powders. 

> Wire baskets of various types are used for 
washing food products and for handling small 
parts in such production operations as degreas- 
ing, pickling and heat treating. 

> Based on consumption, the most important 
woven wire product is insect screening. This 
product is covered by Commercial Standard 
138-55, and requirements are strictly defined. 
Only three metals—galvanized steel, commercial 
bronze and aluminum alloy equivalent to 5056- 
cladded—and only two weaves, 18 x 18 and 18 x 
14 mesh, are included in the _ specifications. 
These screen sizes were selected as the result of 
extensive tests with live mosquitoes. The tests 
showed that 18 x 14 mesh is the largest size that 




























stics cloth, calculation of open area is impractical; can be used to screen out the insects; 18 x 18 
ised thus, size retention of this type of cloth must be mesh is used only for seashore installations 
nsu- determined by tests. where the insects are small. Wire diameter is 
1an- Although filter cloth was originally used almost just as important as mesh. The standard requires 
entirely in the process industries, it is now being use of wire of not less than 0.011 in. dia for steel 
” used to replace square mesh in fabricated and bronze, and 0.013 in. for aluminum; wire of 
mae strainers in industrial equipment and consumer _ gmaller diameter would increase the size of the 
de- goods. opening and reduce screening efficiency. | 
- Strainers have a wide variety of industrial )» Woven wire is used to protect operators from : 
lly, uses. In the automotive and aviation industries, moving machinery and to protect property from 
rial particularly, they are used for carburetor air  pilfering. Screening is used as conveyor belting, | 
ven screens, oil and fuel strainers, and strainers for as in heat treating furnaces; coarse screens are | 
an] hydraulic fluids. They are also used to remove = frequently used as backing for finer screens to 
a dust from air and to prevent clogging of liquid add strength and rigidity to the installation. 
na pumps. ils Brake linings are reinforced with woven wire, 
et omer applications | | and the material is also used for reinforcing 
‘als , Wire cloth screens are used in grading a wide various plastics and rubber articles. Various 
en variety of materials ranging from coarse rock to special weaves are produced for decorative appli- 
, -325 mesh powders. Among the products sepa- cations in architectural and consumer products. 
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Newark Wire Cloth Co. 
Reynolds Wire Div., National-Standard Co. 


Buffalo Wire Works Co., Inc. 
Cambridge Wire Cloth Co. 


tained in the wire sizes desired. 
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REPRESENTATIVE SEMICONDUCTORS—PROPERTIES AND APPLICATIONS 





Material 


| Mobility (at 300 K), 
Band | cm/v-sec 
Separation 
(at 300 K), ev | 





Electrons | Holes 


an 


i 


Melting Point, F 


Application 





Germanium (Ge)............. 
Gallium Antimonide (GaSb)........... 
EE ern 
Indium Phosphide (InP)............. 


Gallium Arsenide (GaAs)............. pater 


Cadmium Telluride (CdTe)............. une 
Aluminum Antimonide (AISb).................... 
Cadmium Sulfide (CdS)*............0.00020.0.... 


tee iit s edi aceals cose dee 
Mercury Telluride (HgTe)*..................0.... 


Indium Antimonide (InSb)....................... 
Indium Arsenide (InAs). ........................ 


~ 0.06 ~ 17,000 — 


0.33 40,000 600 


















0.72 | 3600 | 1900 

0.6 | 3000) 1000 | 

1.12 | “2000 | 500 | 

1.27 (| «4000; 650 | 

134 | 5000%/ 300 

145 | #1000 | 100° 

1.6 | 400} 400 

2.4 2506,  — ee 
0.72 3600 1900 


0.16 75,000 800 972 





* Rectifiers, transistors 


4, High temperature rectifiers and transistors: 
‘| solar batteries; infrared optics; photocells 


Infrared detectors; filters 


4 ‘ , 
Magnetoresistance devices; Hall effect de. 
vices ; thermistors 





PQ OS a 0.3 2000 1100 

RMD MOD, gogo ccc cccccccccccccccs 0.26 1200 600 + Infrared detectors 
Tee eT ns eee 0.4 800 400 

Bismuth Teiluride (Bi.Te;)*..................... 0.16 570° 400» * Thermoelectric devices 
Cadmium Antimonide (CdSb)*.................... 0.5 — 400» 








aOne compound of a family of two or more related compounds. 





Where to Use The New 
Semiconductor Materials 


Complementing the established semiconductor metals, 
intermetallic compounds offer new properties, possibly 


lower cost, and certainly a wider range of uses in electrical 
and electronic devices. Here is an up-to-date report. 


by Robert K. Willardson and Theodore S. Shilliday, 


Battelle Memorial Institute 


@ The accompanying table lists 
representative semiconductor ma- 
terials, their properties, and pres- 
ent or anticipated applications for 
them. Some of the more prom- 
ising applications for the new 
intermetallic compounds include: 
1) rectifiers and transistors that 
will operate at high temperatures, 
2) galvanomagnetic devices, such 
as computer elements, electronic 


114 « MATERIALS IN DESIGN 


Formerly Materials ‘& Methods 


compasses, d.c.-a.c. converters, 
amplifiers and microphones, 3) 
thermally sensitive, resistive ele- 
ments known as thermistors, 4) 
optical devices such as infrared 
detection systems and solar bat- 
teries which make use of the 
photoeffects peculiar to semicon- 
ductors, and 5) thermoelectric 
devices for power generation or 
refrigeration. 


ENGINEERING 


bMinimum value. 







Most of these applications are 
developmental, to say the least. 
The following sections of the 
article discuss the various binary 
semiconducting compounds by the 
types of application for which 
they seem best suited. 


1. Transistors and 
rectifiers 


Energy band separation in the 
semiconductor material imposes 
an upper limit on the ambient 
temperature or power density for 
which a transistor or rectifier can 
be rated. Generally, a larger band 
separation raises the limit cf 
temperature and power density. 
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Also, charge carrier mobility in 
the semiconductor directly influ- 
ences frequency response and 
other characteristics of the device. 
The higher mobilities are more 
desirable. 

Germanium and silicon transis- 
tors are operable at temperatures 
up to about 185 and 390 F respec- 
tively. As can be seen in the table 
of properties, indium phosphide 
(InP) and gallium arsenide 
(GaAs) have mobilities higher 
than germanium, and their band 
separations should permit tran- 
sistor operation at temperatures 
of about 570 to 850 F. For tran- 
sistors operable at temperatures 
of 850 to 1000 F, aluminum anti- 
monide (AlSb) appears promising. 
For even higher temperatures sili- 
con carbide (SiC) is potentially 
useful. 

Where low temperature opera- 
tion is required, or where a low 
ambient temperature can be main- 
tained to achieve high frequency 
performance, indium antimonide 
(InSb) and indium arsenide 
(InAs) may prove useful. They 
have small band separations and 
extremely high mobilities. 

Thus, compound semiconductors 
provide materials for diodes and 
transistors operable over the tem- 
perature range of —290 to 1000 F. 
Developmental transistors exhibit- 
ing usable amplifications have ac- 
tually been made in the laboratory 
from several of these materials. 


2. Galvanomagnetic 
devices 


InSb and InAs compounds, with 
their high charge carrier mobil- 
ity, appear promising for use in 


Semiconductors are quite liter- 
ally half conductor, half insu- 
lator. Their conductivity lies 
between that of conductors and 
that of insulators. The accom- 
panying charts show 1) how 
semiconductors compare in re- 
sistivity with conductors and 
insulators, and 2) the electrical 
effects they make possible and 
some of the resulting uses. (For 
a discussion of how semiconduc- 
tors work, see MATERIALS & 
METHODS, July ’54, p 92.) 

The new materials 

By far the best known and 
most widely used semiconductor 
materials are elements silicon 
and germanium. In the next few 
years such intermetallic com- 
pounds as indium phosphide, 
gallium arsenide, aluminum an- 
timonide, indium antimonide and 
indium arsenide, to mention just 
a few, will become increasingly 
important. There are also many 
more binary compounds which 
are as yet uninvestigated; there 
are ternary compounds such as 
the chalcopyrites, of which sil- 
ver indium telluride is one; 
there are alloys of intermetallic 
compounds, such as_ gallium 


Semiconductor Materials: More to Come 


antimonide with aluminum anti- 
monide, or indium phosphide 
with indium arsenide; and there 
are the organic semiconductors, 
such as the phthalocyanines. 

The binary intermetallic com- 
pounds hold the greatest current 
interest, and are the ones we 
know the most about. They offer 
great promise in extending the 
practical use of semiconducting 
materials in designing new elec- 
trical or electronic products. 
Availability 

At present only five of the 
semiconducting compounds dis- 
cussed here are known to be 
commercially available in the 
United States: bismuth telluride 
and gallium arsenide (United 
Minerals Co.), indium antimon- 
ide and indium arsenide (Ohio 
Semiconductors, Inc.), and lead 
telluride (Minnesota Mining and 
Mfg. Co., Ohio Semiconductors, 
Inc., and A. D. Mackay, Inc.). 
The other compounds discussed, 
and many additional ones, are to 
be found only in research and 
development laboratories, or on 
special order from manufactur- 
ers who utilize them in their 
products. 


galvanomagnetic components. Such 
components make use of the char- 
acteristic known as the Hall 
effect: When a conductor carrying 
an electric current is placed in a 
magnetic field which is at right 
angles to the direction of current 
flow, the electrons that compose 
the current are forced toward one 
side of the conductor. This piling 
up of electrons creates a difference 
in electron density at the sides of 
the conductor. The potential dif- 


ference, called the Hall voltage, 
created by the density differential 
builds up to such a value that the 
resulting transverse electric field 
exerts a force that is equal and 
opposite to that of the magnetic 
field. 

Another phenomenon based on 
the Hall effect can be put to use. 
The Hall voltage can be shorted 


out, causing a transverse current 


to flow. This transverse current, 
which flows in a direction normal 
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Galvanomagnetic devices have at 
their heart elements such as these 
made of indium antimonide. The 
element at bottom produces a Hall 
effect, the element at top is a mag- 
netoresistor. The latter is 0.003 in. 
thick and without a magnetic field 
has a resistance of 2 ohms. When 
placed in a 10,000 gauss magnetic 
field, the gold strips short out the 
Hall voltage, and resistance of the 
element “increases to 20 ohms. 


to the magnetic field, creates an- 
other Hall potential which op- 
poses the flow of the primary cur- 
rent in the conductor. The result 
is a large increase in the effective 
resistance of the conductor (known 
as a magnetoresistance effect). 
Thus, the primary current can be 
controlled by varying the mag- 
netic field. 

Some practical uses 

Each of these phenomena can 
be utilized in the design of sev- 
eral unique semiconductor devices. 
InSb and InAs are particularly 
promising for such uses because, 
in most instances, the perform- 
ance of such devices is improved 
by using semiconductors with 
high charge carrier mobilities. 

Since the Hall voltage is pro- 
portional to the product of the 
electric current and the magnetic 
field, it can be used in the design 
of analog and digital computer 
elements, detector elements in 
magnetometers, clip-on  d.c.-a.c. 
ammeters, electronic compasses, 
d.c.-a.c. converters, and low level 
amplifiers. 

The magnetoresistance effect is 
proportional to the square of the 
product of mobility and magnetic 
field strength. Resistance changes 
of up to 90:1 at fields of 30,000 
gauss have been obtained in InSb 
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elements. This effect can be used 
in the design of amplifiers, 
displacement transducers, micro- 
phones, voltage and current regu- 
lators and contactless potentiom- 
eters. 
Present and future 

Although the idea of practical 
galvanomagnetic components is 
relatively new, laboratory models 
of several of these devices have 
already been’ successfully con- 
structed. They include displace- 
ment gages capable of detecting 
movements as small as 10° cm, 
amplifiers exhibiting gains of the 
order of 10 to 15 db, magnetic 
compasses sensitive to less than 
1 deg change in azimuth, micro- 
phones, various forms of choppers, 
and computer elements. 

Experimental results achieved 
to date are only preliminary ones 
and can be markedly improved. 
For example, calculations indicate 
that in InSb amplifiers of opti- 
mum design, gains of 30 to 40 db 
can be obtained at room tempera- 
ture. Cooling the device to the 
temperature of liquid nitrogen 


should increase the gain to over 
60 db. 


3. Heat sensitive 
resistors 


The peculiar effect of tempera- 
ture on the resistivity of semi- 
conductor materials makes them 
useful in heat sensitive resistance 
elements known as_ thermistors. 
Some of the most interesting of 
the compound semiconductors for 
this type of use are InSb and InAs, 
lead selenide (PbSe), silver sulfide 
(Ag.S), and solid solutions of 
barium strontium titanate. 
Negative coefficients 

The large negative temperature 
coefficient of resistance of some 
types of semiconductors has been 
used for a number of years in 
thermistors. Operation of these 
thermistors is based on the fact 
that the number of electrons (or 
positive carriers) free to carry 
the electric current in the oxide- 
type semiconductors now being 
used increases with increasing 
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temperature. Some of the newer 
compound semiconductors ffey 
new and interesting features fo; 
thermistor application. 

With proper impurity content. 
InSb and InAs exhibit negative 
temperature coefficients of the 
order of 2 to 3% per °F (compar. 
able with semiconductors used jin 
currently available thermistors 
However, the low resistivity of 
these new compounds (see Fig 1) 
allows the fabrication of thermis- 
tors in a much lower impedance 
range (0.001 to 100 ohms) than is 
possible with the oxide types. 


Positive coefficients 

Other semiconductors, such as 
PbSe, have large positive tem. 
perature coefficients of resistance 
(see Fig 1). --The- positive -tem- 
perature coefficient is caused by a 
decrease in the mobility of the 
current-carrying electrons (and 
thus an increase in resistivity 
with increasing temperature. The 
increase in resistivity is nearly 
proportional to the cube of the 
absolute temperature. Between () 
and 800 F the increase in resis- 
tivity is greater than 30-fold. 


Changes with structure 
Another useful phenomenon of 
some semiconductors, such as 
Ag.S, is that at certain tempera- 
tures they undergo a change in 
crystal structure. This phase 
change induces a change in resis- 
tivity. To make optimum use of 
this phenomenon the semiconduc- 
tor should have: 1) a large tem- 
perature coefficient of resistance 
over a relatively small tempera- 


- ture range, and 2) a phase change 


that takes place instantaneously 
and reversibly at a given tempera- 
ture. Thus, the material is an 
insulator in one phase and a con- 
ductor in the other. 

This characteristic can form 
the basis for automatic, low fre- 
quency contactless switches, self- 
resetting circuit breakers, and 
many types of simple electronic 
temperature control or indicating 
equipment. 

The resistivity of Ag,S at room 
temperature is about 10° ohm-cm, 
but at 360 F it drops to about 
0.02 ohm-cm. Much of this res's- 
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Fig. 1—Two semiconducting com- 
pounds of extremely low resistivity. 
Indium antimonide has a negative 
temperature coefficient of resistance ; 
lead selenide a positive coefficient. 


tivity change occurs between 350 
and 360 F, the temperature range 
over which phase change occurs. 
One disadvantage of Ag.S is that 
part of the low temperature con- 
ductivity is ionic. If the material 
is used for direct currents, ionic 
transport will modify its electrical 
properties. Addition of impurities 
can reduce ionic conductivity and 
broaden the temperature range 
over which the phase change takes 
place. Fig 2 shows the effects of 
such additives. 

Solid solutions of barium stron- 
tium titanate BaTiO., to which 
small amounts of certain impuri- 
ties have been added, produce 
oxide thermistor systems that ex- 
hibit positive temperature coeffi- 
cients of resistance as large as 
8% per °F (see Fig 2). Increases 
in resistivity from 500 ohm-cm at 
160 F to 10° ohm-cm at 3800 F 
have been measured. 


4. Optical devices 


Two general optical phenomena 
common to semiconductors are 
useful in a variety of devices. 
They are 1) the _ photovoltaic 
effect, in which the semiconductor 
absorbs radiation and responds by 
emitting an electrical signal re- 
lated to the intensity of the inci- 
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Fig. 2—Semiconductors having ex- 
tremely large temperature coefficients 
of resistance. Curves also show effect 
of additives in altering phase change- 
induced resistance changes. 


dent radiation, and 2) selective 


light transmission. 
Photovoltaic effect 

In a given material the photo- 
voltaic effect depends to some ex- 
tent on wave length. In particular, 
there is a cut-off point beyond 
which longer waves evoke no re- 
sponse. The location of this cut- 
off in the radiation spectrum is 
inversely proportional to the band 
separation in the semiconductor. 
As can be seen from the table of 
properties, the variety of band 
separation values is such that 
semiconductor materials are avail- 
able to make detectors sensitive 
to radiation ranging from gamma 
rays through visible and out to 
the intermediate infrared. 

The infrared range is particu- 
larly important for semiconductor 
photocells and optical components 
because of the recent interest by 
the military in the use of infrared 
for guidance, detection and con- 
trol. At present, the important 
semiconductors in detectors for 
the infrared region of the spec- 
trum are lead sulfide (PbS), lead 
telluride (PbTe), PbSe, InSb, and 
impurity-doped germanium and 
silicon. Other materials, such as 
mercury telluride (HgTe) and 
mercury selenide (HgSe), are also 
under investigation. 







In the visible region of the 
spectrum, the photovoltaic effect 
has been used in photographic 
light meters for years. For such 
applications, efficiency of conver- 
sion is not critical. 

For solar battery applications, 
however, conversion efficiency be- 
comes critical. Compound semi- 
conductors that seem most prom- 
ising for this use are cadmium 
telluride (CdTe), InP, GaAs and 
AlSb. GaAs cells with solar radi- 
ation conversion efficiencies of 
over 6% have already been made; 
this compares with an efficiency 
of about 10% for cells using p-n 
junctions in silicon (maximum 
theoretical efficiency for this type 
of energy conversion is 20 to 
25%). Cells operating at 10% 
efficiency generate about 100 w 
per sq yd of cell surface area on a 
sunny day. 

The compounds should offer 
some slight benefits in efficiency 
of power output per unit of sur- 
face area. Since the differences in 
efficiency among the various semi- 
conductors are expected to be 
small, the most important factor 
will probably be the economics of 
material and cell production. 

For applications in the lower 
power ranges, such as automatic, 
light sensitive controls, important 
compounds are cadmium sulfide 
(CdS), cadmium selenide (CdSe), 
germanium and silicon. 

At the other end of the spec- 
trum, semiconducting compounds 
are also finding uses as detection 
elements for x-rays and various 
types of nuclear particles 
Selective light transmission 

In general, a semiconductor is 
transparent to light of wave 
length longer than the cut-off 
wave length of the material (i.e., 
the upper limit of wave length 
beyond which no photovoltaic ef- 
fects are produced). Thus, semi- 
conductors can serve as windows 
or filters for selected regions of 
the spectrum, or in some instances 
can be used as lenses. 

For such applications, the im- 
portant semiconductors are ger- 
manium, silicon, InSb, InAs and 
CdTe. The absorption edge in 
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Thermoelectric devices such as 
this experimental cooling unit (top) 
developed at Battelle make use of 
the Peltier effect. The unit makes 
use of bismuth telluride (cast ingots 
shown at bottom) to produce tem- 
perature differences of 85 °F. 


these and other semiconductors 
can be used as the basis for opti- 
cal filters at a variety of wave 
lengths. The degree of selectivity 
of InSb and InAs filters can be in- 
creased by altering the concentra- 
tion of impurity centers in the 
material, which in turn alters the 
spectral position of the absorption 
edge. In addition to filtering in- 
frared light, such materials, be- 
cause of their fairly high indexes 
of refraction, can be used in 
lenses for infrared radiation. 


5. Thermoelectric 
devices 


Thermoelectric devices are in 
the early stages of development. 
Semiconductors have been found 
to function well in devices making 
use of the Seebeck effect for gen- 
eration of power, and in devices 





Thermoelectric devices make 
use of either the Seebeck or the 
Peltier effect. The Seebeck effect 
consists of the generation of an 
electromotive force when a junc- 
tion of two dissimilar metals is 
heated. Thermocouples using 
dissimilar metal alloys, such as 
Chromel and Alumel, have been 
used for over a century for 
measuring temperature. How- 
ever, this effect in metals is not 
practical for generation of elec- 
tric power because of the low 
efficiency—less than 1%. More 
success has been obtained with 
compound semiconductors. 

The Peltier effect consists of 
a heating or cooling effect when 
an electric current flows through 
a junction of dissimilar metals. 
For many years the magnitude 
of the effect observed experi- 
mentally with metals has been 
small—less than 1 °F. In 1950 
a temperature drop of 18 °F 
was obtained using bismuth 
alloys. About this same time 
investigators began using semi- 
conducting intermetallic com- 
pounds with greater success. 





Seebeck and Peltier Effects 


Materials requirements 

Maximum useful temperature 
is the major point of difference 
in materials requirements for 
efficient thermoelectric power 
generation and for efficient cool- 
ing. For efficient thermoelectric 
generation of power, the hot 
junctions of the thermopile must 
operate at 1100 F or higher. In 
most thermoelectric cooling ap- 
plications, hot junction tempera- 
tures would probably not exceed 
150 F. Aside from this differ- 
ence, requirements for efficient 
materials are essentially the 
same in both applications, i.e., 
low thermal conductivity (*) ; 
low electrical resistivity (p); 
and high thermoelectric power 
(Q). 

A figure of merit for a ther- 
moelectric material can be de- 
fined as Q°’T/*p, where T is 
junction temperature in °K. The 
maximum temperature differ- 
ence attainable with a single- 
stage Peltier thermocouple is 
Q’Tc’/2*p, where Tc is the tem- 
perature of the cold junction 
expressed in °K. 
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making use of the Peltier « fog 
for cooling or heating (see a om. 
panying box). For the ft mer 
type, PbTe is one of the bt tter 
materials; for the latter, zing 
antimonide (ZnSb), CdSb, B Te, 
and PbTe are useful. The n ajor 
problem in commercial develop. 
ment of either of these types of 
devices is efficiency. 

Experimental thermoelectric 
power generators have been de. 
veloped using intermetallic semj- 
conductors operating with an eff. 
ciency of 7%. A 3-w unit heated 
by a kerosene lamp and used to 
power small radios is in produc. 
tion in Russia, and larger units 
are being tested. 

In thermoelectric cooling, tem- 
perature drops of 40 to 50 °F have 
been reported using an interme. 
tallic semiconductor—ZnSb, CdSb 
or Bi,Te,—as one element and a 
metal alloy as the other. Using 
both p- and n-type semiconductors 
(Bi,Te, or PbTe) temperature 
drops of 70 to 90 °F have been 
obtained. With such performance, 
small cooling units are practical. 

In utilizing the Peltier effect, 
the Russians would appear to be 
ahead of other nations. They have 
developed probably the first prac- 
tical use for thermoelectric cool- 
ing, namely a hygrometer for re- 
cording air humidity. In early 
1956 the Russians designed a 
Peltier refrigerator for household 
use having 4 cu ft volume. In 
other experiments using several 
stages of thermoelectric cooling, 
temperature drops of from 75 to 
108 °F have been obtained by the 
Russians. In laboratories in this 
country single-stage temperature 
differences of about 122 °F can 
now be achieved. 

Presently available thermoelec- 
tric materials are satisfactory for 
specialized uses such as_ small 
volume cooling, spot cooling of 
detectors, and various electronic 
components. For thermoelectric 
refrigerators to be as efficient as 
compressor systems in household 
and commercial applications, ma- 
terials will have to be developed 
having figures of merit two to 
four times higher than now. 
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Selecting an insulation 


The first step 


in selecting a 


right material for a product can 


The ability of an 


insulation to 


















































thermal insulating material is to only be made after considering control the passage of heat js . 
establish a firm set of operating such factors as: measured by its thermal conduc- 7 
requirements. Insulating materi- Thermal efficiency — Just how tivity (in Btu/hr/sq ft/°F/i 7 
als are available in a wide range much heat loss or gain can be or “‘k” value. Insulations with a it 
of properties, and selection of the tolerated in the product design? low k have good efficiency. 
TABLE 1—HOW INSULATIONS COMPARE 
| | - 
| Maximum | 
Density, Ther Cond, Operating | 
Type# lb/cu ft Btu/hr/sq ft/°F/in.* | Temperature, F| Principal Properties Major Applications 
Asbestos Up to 65> | Laminated—0.36 at 100 F | 300-1200. | Mediumk;availabilityinwiderange | Good all-purpose insulation for heat- Ba 
to 0.54 at 400 F; mill- of forms; medium to high operat- | ingapplications. Heating and process- 
board (medium density) | ing temperature limits; resistance | ing equipment, transportation equip- 
—0.76 at 100 F to 0.81 at | to fire, some moisture, mold, bac- | ment,housing, many specialized prod- ine 
600 F; coatings —0.32 at | teria, vermin | ucts Fi 
50 F to 0.53 at 400 F | | 
Mineral and 20 (block) | Blanket—0.36 at 200 F to | 600-1900. | Low k; ability to withstand high | Low temperature uses include cold 50 
Rock Wool 10 (blanket) | 0.74 at 700 F; block—0.35 and low temperatures; chemical | water pipe lines and tanks, coolers 
at 200 F to 0.67 at 1100 F inertness; moisture and fire resist- | and freezers, refrigerator trucks and 
| ant | storage rooms, air ducts, cold storage = 
| | lockers. High temperature uses in- P| 
| | clude ovens, hot water tanks, boilers, | 
| | hot air ducts, heat exchangers, liquid 
| pipe lines ee 
85% Magnesia 12 | 0.35 at 100 F to 0.46 at | 600 | Low k; durability and structural | Pipes, fittings and valves, headers, R 
400 F | stability; noncombustibility furnace walls, steam drums, ducts 
| | and flues, turbines, tanks, heaters, 7 
| | exchangers p 
Calcium Silicate 12 | 0.41 at 200 F to 0.60 at 1200-1800 | Low k: high structural strength; | Generally same as 85% magnesia y 
| 600 F | | durable . 
Diatomaceous Silica 21-24 | 0.66 at 600 F to 0.74 at 1500-2000° | Comparatively high k; resistance | Cylinders and blocks used to insulate J 
| 1000 F to high temperatures, moisture and | high temperature pipe lines, furnaces, F 
many corrosive media; fire resist- | boiler walls, ovens, breechings. Sheet 
| ance; high structural strength in | usedforship bulkheads, boiler breech- 
| | sheet form (asbestos-silica board) | ings, ovens; and to protect structural 
| | steel 
Expanded Silica 9 | 0.34 at 50 F to 0.41 at 350 Medium k; light weight; chemi- | Hot, cold and chilled water lines; low 
200 F | cal inertness | pressure steam lines; dual service 
| | heating and cooling systems 
Silica Aerogel 5 0.11 at — 150 F to 0.30 at 1300 Very low k; resistance to water va- | Can be used at extremely low tem- 
+570 F por and fire | peratures as well as for some high 
| temperature applications 
Fibrous Glass 0.5-12 0.23-0.30 at 75 F Up to 2000° | Lowk;highsound absorption ;avail- | Wide range of uses in appliances, 
ability in flexible and rigid forms; | transportation and industrial equip- 
high tensile strength; resistance to | ment, housing. Typical : ranges, ovens, | 
moisture, fire, rotting, fungi and | refrigerators, aircraft, piping 
bacteria growth 
Ceramic Fibers 3-12» 0.40 at 400 F 1000-2300 | Excellent resistance to high tem- | Large number of forms (e.g., bulk, 
Ps peratures; fire resistance; light | textiles, castings, moldings and 
weight; resistance to water, most | blocks) make for wide range of appli- 
chemicals cations (see text)—largely high tem 
perature 
Cork 6.5-7.5 | 0.26 (board)4 About 200 F | Low k; light weight; high structu- | Low temperature applications such as 
ral strength in rigid forms; resist- | cold water and refrigerant lines, cold 
“9 ance to moisture, decay, mold boxes, transportation equipment 




















Thermal conductivity -yalues vary more or less linearly from one temperature to another, and intermediate values between two tempera- 
tures can usually be rmined by interpolating. For example, if a material has a k value of 0.20 at 0 F and 0.40 at 100 F, then its 
k value at 50 F would be 0.30. 
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Operating temperature — What 
is the maximum or minimum tem- 
perature that the insulation must 
tolerate? Some insulations can be 
used only up to 110 F (see Table 
1 below); others are suitable for 
use beyond 2000 F. 

Structural strength — Will the 





insulation be required to carry 
any load or be subject to damage? 
In many product designs this can 
be an important factor. 

Moisture resistance Will the 
insulation be used in a moisture 
laden atmosphere? The water re- 
sistance of insulation ranges from 








poor to excellent and the degree 
of resistance required should be 
carefully checked. 

Chemical resistance—This fac- 
tor, like moisture resistance, de- 
serves careful consideration be- 
cause of the varying chemical 
resistance of insulating materials. 


TABLE 1—HOW INSULATIONS COMPARE—continued 



































Maximum 
Density, | Ther Cond, Operating | 
Type # Ib/cu ft Btu/hr/sq ft/°F/in.* |Temperature, F Principal Properties Major Applications 
Balsa Wood 5-14 —_| 0.27 (low density)4 350 Low to medium k; high structural | Structural insulations 
strength 
—- _ _ | 
Fiberboard 66 | 1.4 at 65 F — | High k; high structural strength | Structural insulations 
pa Sal 
Softboard 1.5-50 | 0.24-0.404-e — | Low to medium k; high structural | Structural insulation for car, bus, 
| strength; good acoustical proper- | truck and railroad car bodies; building 
| | ties | insulation 
Plywood — | — High k; high structural strength; | Metal-faced structural insulation 
good mar and fire resistance when | used largely for truck, trailer and 
| | metal-faced railroad car bodies 
sittin | 
Redwood Fibers 4, | 0.17 at —120 F to 0.28 at | — | Low k; fair moisture resistance Large freezers, coolers and controlled 
| 90 F | | | atmosphere equipment 
Paper -_ | | 300 Low cost; light weight; easy fabri- | Low cost uses where strength, dura- 


cation; poor structural strength 


| bility not too important 





| Up to 400¢ 





Organic Fibers and 4 (felts) 0.21-0.27 (felts) Low k; light weight; flexibility; | Most light-duty applications 
Felts | poor water resistance | 
Foam Plastics 1.7-16¢ | 0.20-0.29 at 100 Fe 110-700¢ | Low k; very light weight; high | Low temperature types can be used 


| strength-weight ratio (rigid types); | in refrigerators, freezers and coolers. 


| _ resistance fo water vapor and mold; | High temperature types can be used 
| conformabilitytooddshapes(foam- | in special missile and aircraft appli- 


| | in-place types) 


_ cations where heat and weight are 
| factors. Other types (see text) are a- 
































| | vailable where special properties, 
| such as good chemical resistance, 
| are required 
Cellular Rubber 8-18 (soft); | 0.27-0.30 (soft) 250 (soft) | Low k; availability in soft or hard | Soft grades used principally as flex- 
5-20 (hard) 0.20-0.25 (hard) 290 (hard) | forms in a variety of shapes; high | ible insulation for refrigeration and 
strength-weight ratio (hard); re- | air conditioning piping. Hard grades 
sistance to moisture, vermin used in cold boxes, refrigerator rooms 
and trucks 
Cellular Glass 8-10 0.22 at — 100 F to 0.68 at 800 | Low to medium k; good structural | Low temperature applications, inclu- 
500 F strength; resistance to moisture | ding walls, ceilings and floors of cold 
fire storage rooms; refrigeration equip- 
ment and piping 
Reflective Surfaces —_ Not a factor About 700 F_ | High reflectance; good vapor bar- | Widely used in housing; also in some 
rier industrial and transportation equip- 
ment 
Asphalt Coatings — 0.5-0.7 275 High k; ability to supply good pro- | Wide range of industrial and trans- 
tection to primary insulation; re- | portation equipment 
sistance to moisture, weathering, 
many chemicals 
‘Depending on form. cDepending on composition. dRoomtemperature. *Depending on density. 
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Piping can be insulated with many different materials. Two of the most widely used materials are 85% magnesia 


(left) and calcium silicate (right). 


Sound absorption—In some ap- 
plications a combination of ther- 
mal and sound insulation is re- 
quired. Some insulations possess 
this combination; others have 
very poor sound insulation proper- 
ties. 

Other factors — Other factors 


Asbestos 


Asbestos is one of the most 
widely known and used thermal 
insulations. The principal reasons 
for its popularity are its low 
thermal conductivity, good to ex- 
cellent heat resistance, and incom- 
bustibility. 

The name asbestos encompasses 
a broad group of materials which 
includes 30 or more minerals of 
fibrous crystalline structure. The 
six most important grades are 
chrysotile, crocidolite, amosite, an- 
thophyllite, tremolite and antino- 
lite. Chrysotile, the most widely 
used grade, is basically a hydrated 
silicate of magnesium occurring 
as veins in serpentine rock. 

It is difficult to establish the 
properties of asbestos, since prop- 
erties vary so widely with the 
form or shape of the material. 
The material is available in a con- 
siderable number of forms, most 
of which are made from chryso- 
tile fibers. Typical of these forms, 
each of which will be discussed 


122 *« MATERIALS IN DESIGN 


that may have to be considered 
are: fire resistance, resistance to 
mold and bacteria decay, vermin 
resistance, and odor. 

After the above requirements 
have been established, the next 
step is to evaluate each material 
individually. To help in this selec- 


separately, are: 1) paper and roll- 
board, 2) air cell, 3) laminated or 
sponge, 4) millboard, 5) textiles, 
6) coatings, and 7) cement. 
Paper and rollboard 

Asbestos papers mixed with a 
small amount of binder, such as 
a solution of sodium silicate, are 
used where a thin, flexible and 
fireproof insulation is required. 
They are available in flat or cor- 
rugated form, and will withstand 
temperatures up to about 350 F. 

The 6-lb (0.015 in.) and 8-lb 
(0.019 in.) papers are used ex- 
tensively in the manufacture of 
various pipe insulations. The 10-lb 
(0.022 in.) and 12-lb (0.027 in.) 
papers are used for wrapping hot 
air furnace pipes. Heavier roll- 
boards up to % in. are used for 
lining stoves, ovens and gas 
ranges, and for making insulating 
gaskets and disks. 
Air cell insulation 

Air cell asbestos insulations are 
made up of alternate layers of 
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tion process, a master table (Table 
1) has been prepared which sum- 
marizes the significant properties 
of each major insulation. This 
table is intended to serve as a 
rough selection guide. More spe- 
cific information and recommen- 
dations can be obtained in the text. 


flat and corrugated asbestos paper. 
The large amount of dead air 
space per inch of thickness results 
in high thermal efficiency, and the 
ribbed structure produces good 
mechanical strength. 

Air cell insulations are avail- 
able both in flat shapes and in 
tubular forms for pipe insulations. 
Pipe insulations are _ intended 
mainly for medium and low pres- 
sure steam and hot water lines, or 
for warm air pipes where tem- 
peratures do not exceed 300 F. 
Pipe covering is supplied either 
with a canvas jacket or with a 
smooth white paper finish. 
Laminated or sponge insulation 

This insulation is made up from 
laminated asbestos felts, ranging 
anywhere from 12 to 40 layers 
per in. of thickness. The thin air 
films that separate each layer of 
the material provide low thermal 
conductivity. Typical k values for 
a pipe insulation are 0.36 at 100 F 
and 0.54 at 400 F. 
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Scope of This Manual 


Strictly speaking, all materials 
even metals) act as thermal 
isulations to some extent. This 
,anual encompasses those mate- 
ials which are the most popu- 
lar, and are most widely con- 
sidered as thermal insulations, 
i.e., asbestos, mineral wool, plas- 
tics foams, etc. It does not en- 
compass some of the nonmetallic 
materials less widely used as 
thermal insulations, such as high 
temperature plastics laminates, 
mica, solid rubber, most woods 
and special underground piping 
insulations; nor does it cover 
fire brick and combination insu- 
lation-refractories for high tem- 
perature furnaces and ovens. 
Ceramic coatings are not cov- 
ered since they will be discussed 
at some length in a manual 
entitled, “Porcelain Enamels and 
Ceramic Coatings,” to appear in 
the July issue. 





Laminated insulations can be 
used at continuous operating tem- 
peratures up to 700 F. Because of 
their rugged structure, laminated 
pipe insulations are particularly 
recommended for applications 
where shock or vibration are en- 
countered, or where rough usage 
or severe moisture conditions are 
expected. In addition to cylindri- 
cal sections, the material is 
available in block and sheet form. 
Millboard 

Asbestos millboard is designed 
to be used where a lightweight, 
rigid, fireproof insulation is re- 
quired. It is particularly recom- 
mended for use in fire screens and 
partitions, and as a fireproof insu- 
lation for ceilings, walls, floors, 
elevator shafts, motion picture 
projector booths, ranges, stoves, 
grates, electric ovens, sterilizers 
and roasters. 

Asbestos millboard is generally 
made of selected asbestos fibers 
combined with a suitable inor- 
ganic binder. Special grades are 
available that contain diatoma- 
ceous earth or cement for im- 


proved thermal and _ structural 
properties. Maximum operating 
temperature of the materials var- 
ies from 800 to 1000 F, depending 
on exact composition. Thermal 
conductivity also varies with com- 
position and density. K values for 
a medium density grade (34-38 Ib 
per cu ft) are: 0.76 at 100 F, 0.79 
at 400 F, and 0.81 at 600 F. 

Millboard is available in soft, 
medium, hard and special gasket 
stock. Medium grade is standard 
for most applications. Soft grade 
is used where some flexibility is 
required. The hard grade is stiff 
and is used where highest rigidity 
is required. Thicknesses vary 
from 1/32 to 1/2 in. 


Textiles 

The properties of asbestos fibers 
are particularly adaptable to the 
manufacture of textile insulations. 
Chrysotile fibers, in particular, 
possess high tensile strength, 
toughness and flexibility. As shown 
in Table 2, maximum operating 
temperature limits of textile insu- 
lations is a function of asbestos 
content, and limits vary from 
400 to 900 F. 

Some of the principal types of 
textile insulations and their appli- 
cations are: 

Lap and roving—largely used 
as electrical and thermal insula- 
tions for heater cords, fixture 
wires and other electrical conduc- 
tors. 

Cord—used as seals on high 
temperature corrugated metal gas- 
kets, as valve stem packing, and 
as braided wall on steam hose. 


Thread — largely used in the 
sewing of asbestos cloth and fab- 
rics. 

Wick—used as utility packing 
for hot lines and valves; as calk- 
ing for retorts, ovens and fur- 
naces; and as a core for high tem- 
perature packings. 

Rope — used where material 
heavier than wick is required. 
Twisted rope is used as a seal 
between furnace doors and brick- 
work, as a cover for diesel engine 
exhaust lines, and as a core for 
high temperature packing. Braided 
rope is used to fill expansion joints 
in furnace brickwork, and as a 







Johns-Manville Corp. 
Gas-fired oven insulated with 
double layer of asbestos-diatoma- 
ceous silica sheet operates continu- 
ously at 650 F without becoming hot 
on outside. 


Piet mee 


Magnesia-Silica Insulation Mfers. Assn. 
Autoclave for pharmaceuticals is 
insulated with 85% magnesia block. 


TABLE 2—-TEMPERATURE LIMITS OF 
ASBESTOS TEXTILE INSULATIONS 











Asbestos Content, Highest Rec 

Grade % by wt" Sve Temp, F 
Commercial....} 75-79.......... | 400 
Underwriters’. .| 80-84.......... 450 
Grade A....... Seems. ......... 550 
Grade AA...... NE as 6 sau | 600 
Grade AAA....| 95-98.......... 750 
Grade AAAA...} 99-100... ......! 900 





aASTM D299-52 T. 


gasket for doors and water gas 
generators. 

Cloth—for fireproof fabrics, in- 
dustrial furnace hoods, jackets for 
hot pipes, etc. 

Tape—for hot pipes and as a 
part of packings and gaskets. 

Tubing — available in braided 
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and woven types which are used 
to insulate hot tubular parts or 
to conduct warm air. 

Coatings 

The principal advantage of as- 
bestos coatings is that they can 
be made to follow the contours of 
irregular surfaces. Two principal 
grades of asbestos coating insula- 
tions are available: 100% asbestos 
fiber with an inorganic binder; 
and a blend of asbestos fiber, bitu- 
mens and mineral filler. 

The 100% asbestos grade is 
largely used in architectural ap- 
plications and is sprayed on just 
like a paint. The material forms 
a continuous felt-like coating that 
completely blankets the surface 
and which can be finished with 
decorative paints. 

Thermal and acoustical proper- 
ties of the coating are good. Typ- 
ical k values are 0.32 at 50 F, 
0.39 at 200 F and 0.538 at 400 F. 
The material can be applied in 
thicknesses up to 2 in. Weight of 
a l-in. coating varies from 13 to 
16 oz per sq ft. 

The asbestos-bitumens coating 


is largely used on outdoor indus- 
trial equipment, such as tanks, 
breechings and piping. The mate- 
rial possesses fair thermal effi- 
ciency and, because of its bitu- 
mens content, is waterproof and 
prevents corrosion of underlying 
metal. It is available in three 
consistencies for spray, brush or 
trowel application. In addition to 
being used directly on metal sur- 
faces, the material can be applied 
over 85% magnesia, asbestos ce- 
ment, mineral fibers and other 
insulations. 
Cement 

Various grades of asbestos ce- 
ment are available for patching 
or finishing applications. Tem- 
perature limits of the materials 
vary from 500 to 1000 F, depend- 
ing on composition. Cements are 
generally composed of a mixture 
of asbestos fibers and bonding 
agents such as clay, portland 
cement and water. The materials 
are mixed to mortar consistency 
and are applied with a trowel. 
They adhere well to metal surfaces 
and other insulating materials and 


Mineral and rock wool 


In common with other inorganic 
insulations, mineral and _ rock 
wool insulations are chiefly dis- 
tinguished for their: 1) ability to 
withstand high and low tempera- 
tures, 2) low k values, 3) chem- 
ical inertness, 4) fire resistance, 
and 5) serviceability. Upper tem- 
perature limit of the materials is 
somewhat higher than for asbes- 
tos and is roughly the same as for 
fibrous glass. The materials are 
produced by blowing steam 
through a molten mixture of rock 
and/or slag, or by spinning the 
molten mixture. 

Properties of mineral wool and 
rock wool insulations are so simi- 
lar that for the purposes of this 
discussion they can be considered 
as identical. As with other insula- 
tion materials, thermal conductiv- 
ity (see Table 3) varies with den- 
sity, form, and operating tempera- 
ture. Upper temperature limits of 
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mineral and rock wool insulations 
vary widely with form, ranging 
from as low as 350 F to as high 
as 1800 F. 
Semi-rigid felts 

Semi-rigid wool felts incorpo- 
rating organic binders are recom- 
mended for low temperature ap- 
plications and can also be used for 


TABLE 3—TYPICAL PROPERTIES OF 
MINERAL WOOL INSULATIONS 





Form »> 


Blanket | Block 





Density, Ib/cu ft ~_ 20 
Maximum Sve Temp, F..| 1200 1900 
Ther Cond, Btu/hr/sq ft/ 
°F /in. 

0.36 0.35 
0.57 0.44 
0.74 0.51 

— 0.67 
— 0.91 
Moisture Absorption... . Nil Nil 
Fire Resistance Incom- Incom- 
bustible ' bustible 
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have a smooth finish. They are 
particularly recommended for {il]- 
ing up joints in all types of insy- 
lation, for insulating small fittings 
and as a finish coat over block 
insulation. 

Amosite asbestos insulation 

In addition to the chrysotile- 
type insulations described above, 
amosite asbestos fiber insulations 
are used to some extent, especially 
for high temperature piping. The 
upper operating temperature limit 
of amosite pipe insulations js 
about 1000 F, as compared to 
700 F for the laminated chrysotile 
pipe insulations. 

Aside from its higher tempera- 
ture limit, amosite has roughly 
the same properties as chrysotile 
insulations. Thermal conductivity 
of the material varies linearly 
from 0.33 at 100 F to 0.72 at 
900 F. 

Amosite insulations are com- 
pletely incombustible and will not 
warp, spall or crack after expo- 
sure to most solutions or vapors 
of acids or caustics. 


heated equipment up to 400 F. 
They are characterized by high 
thermal efficiency and resistance 
to deterioration; they are also 
water repellent, chemically neutral 
(pH ranges from 7 to 8), non- 
settling and noncombustible. 

Principal low temperature uses 
include cold water pipelines and 
tanks, coolers and freezers, re- 
frigerator trucks and_ storage 
rooms, air ducts and cold storage 
lockers. Principal low range heat- 
ing applications include ovens, hot 
water tanks, cooking and heating 
appliances, small boilers and warm 
air ducts. 
Blankets 

Blanket insulations incorporat- 
ing metal reinforcing fabrics are 
also available. These insulations, 
suitable for use up to 1200 F, con- 
sist of felted mineral wool secured 
between various combinations of 
metal fabrics, such as copper 
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Heat transmission 
Heat may be transmitted by: 

Conduction—the passing of heat from one body to 
another by direct contact (e.g., food in a frying pan). 


Convection—the transfer of heat by means of 
circulating air or liquids (e.g., a radiator). 

Radiation—the transfer of heat from one body to 
another by the emission of radiant energy (e.g., solar 
heating). 

* * * 

Absorptivity is the fraction of heat impinging on 
a body which is absorbed. 

Emissivity is the ratio of heat emitted by a body 
to the heat emitted by a black body at the same tem- 
perature. 

Reflectivity is the fraction of heat impinging on 
a body which is reflected. 

Thermal conductivity is the quantity of heat 
transmitted for a given time, area, unit temperature, 
and thickness. It is commonly measured in Btu/hr/sq 


Thermal Properties and Units: 





Some Basic Definitions 


Latent heat and specific heat 

Latent heat is the quantity of heat in Btu absorbed 
or given up by 1 lb of a substance during a change 
of state (there being no change of temperature). 

Latent heat of fusion is the difference in total heat 
content between 1 lb of saturated solid and 1 lb of 
saturated liquid at the same temperature. For water 
the value is approximately 144 Btu per lb. 

Latent heat of vaporization is the difference in 
total heat content between 1 lb of saturated liquid 
and 1 lb of saturated vapor at the same temperature. 
For water the value at atmospheric pressure and 
212 F is 970.3 Btu per lb. Values for other pressures 
and temperatures are given in steam tables, 

Specific heat is the quantity of heat required to 
raise a unit weight of a substance one degree in 
temperature. It is given as Btu/lb/°F or cal/gm/°C. 
Heat equivalents 

A boiler horsepower is equivalent to 33,475 Btu 
per hr. 





ft/°F/in. In abbreviated terms this expression is 


known as the “k” factor. 


Thermal insulating efficiency is the ratio of heat 
saved by an insulation to the heat that would be lost 


without insulation. 
Units of heat 


A Btu is the quantity of heat required to raise 1 lb 
of water 1 “F in temperature. A Btu equals 252 cal. 

A calorie is the quantity of heat required to raise 
1 gm of water 1 °C in temperature. 


Courtesy of Ruberoid Co 


per hr. 


A ton of refrigeration is equivalent to 12,000 Btu 


Heat values of fuel 
Coal—13,500 Btu per lb. 


Oil—18,500 Btu per Ib. 
Gas (natural)—1000 Btu per cu ft. 
Gas (artificial) —535 Btu per cu ft. 


Temperature conversion 
1 °F equals 0.555 °C. 
F temperature equals 9/5 C temp +32. 


C temperature equals 5/9 (F temp -32). 








bearing metal lath and galvanized 
wire netting. They are especially 
suited for large flat or curved 
surfaces. Typical high temperature 
applications include enameling, 
drying and core ovens, industrial 
washing machines, boilers and 
breechings, steam pipe lines, hot 
air ducts, stills and heat ex- 
changers. 

Blocks and cement 

Block and cement type mineral 
wool insulations are available for 
operation up to 1800 F. In addi- 
tion to high thermal efficiency, 
block insulations are characterized 
by their ability to follow irregu- 
lar contours, and by their ability 
to be cut with a knife. 

Because of their high operating 
temperature limit, block insula- 
tions are intended for use under 
the most severe operating condi- 


tions. Principal high temperature 
uses are in furnaces, annealing 
pits, melting tanks, boiler walls, 
glass and ceramic kilns and chill- 
ing pits. 

Exceptional plasticity and ad- 
hesive properties make cement- 
type insulations adaptable for all 
types of heating equipment. They 


85% magnesia 


This material, discovered over 
70 years ago, is one of the most 
popular industrial insulations in 
use today. It combines low con- 
ductivity and weight with high 
dimensional stability and strength, 
and resistance to moisture and 
fire. 

The insulation is made from a 


are especially suited for irregular 
surfaces where the application of 
other insulations would be diffi- 
cult. They are prepared for appli- 
cation by mixing with water; be- 
cause of their rust inhibitor con- 
tent, they will not cause or ac- 
celerate corrosion when applied to 
ferrous surfaces. 


relatively unstable form of car- 
bonate of magnesia mixed with 
long asbestos fibers and water. 
After heating, the mixture is con- 
verted to a new compound con- 
sisting of not less than 85% basic 
hydrated carbonate of magnesia 
plus 10 to 15% of asbestos fibers. 
This compound has a high per- 
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| centage of dead air spaces which 
| | provide low thermal conductivity. 
A cubic foot of 85% magnesia 
contains only about 10% solid ma- 
terial by volume, the remaining 
volume consisting of dead air. 
These air spaces are microscopic 
and are uniformly distributed. 
Properties 
As shown in Table 4, the 
thermal conductivity of 85% mag- 
nesia ranges from 0.35 at 100 F 
to 0.46 at 400 F. These values 
are not as low as k values for 
| other insulations, such as fibrous 
glass wool. Nevertheless, the ma- 
terial does have a number of other 
i advantages that are noteworthy, 
the principal one being low cost. 
The magnesia insulations are 
i available in molded, block and 
| cement forms, and are suitable for 
| use on all hot surfaces at tempera- 
| tures up to 600 F. At tempera- 
tures over 600 F, it is common 
practice to use the material in 
combination with an insulation 
possessing higher heat resistance. 
A popular combination insulation 
consists of an inner layer of dia- 
| tomaceous silica plus an outer 
layer of 85% magnesia. The dia- 
tomaceous silica layer comes in 
direct contact with the hot body 
and has a temperature range up 
to 1600 F. It is applied in suffi- 
cient thickness to reduce the tem- 
perature at its outer surface to 
600 F or lower. 
Insulations made from 85% 
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Eagle-Picher Co. 


1 Ducts for hot and cold gases and air are often covered with mineral wool sheet for thermal and acoustical insulation. 


magnesia are structurally stable 
and do not shrink or distort after 
continued exposure to heat. Snug 
fits and tight joints are retained 
after long usage. The material is 
durable and can withstand an 
appreciable amount of compres- 
sion and mechanical abuse. 

In normal operation, 85% mag- 
nesia insulations possess good re- 
sistance to moisture. Since 85% 
magnesia is entirely mineral, it 
will not burn or support combus- 
tion. Tests have shown that even 
when exposed to 2000 F the in- 
sulation remains intact and pro- 
vides protection. 

Applications 

Primarily used to insulate in- 
dustrial equipment, 85% magne- 
sia is not ordinarily used to in- 
sulate appliances or transporta- 
tion equipment. Principal indus- 
trial applications of the material 
are piping, fittings and valves, 
headers, furnace walls, steam 
drums and drum heads, ducts and 


TABLE 4——TYPICAL PROPERTIES OF 
857, MAGNESIA 





Ther Cond, Btu/hr/sq ft/°F/in. 


Se Lek as ne akss on ae nike’ 0.42 
eas oc ctag beats aa keer he 0.45 
MTC TGL ee a bu osthdcccdeveseccivaan 0.48 
Te ee ae See eee 0.52 
Max Service Temperature, F............... 600 
PIE TEE vide ccccdeccse.s+.-.- kee aae 
Modulus of Rupture, psi................. 45-55 
Compressive Strength (to produce 5% 
ERE c=: Rae 65-75 


Linear Shrinkage (after 24 hr at 600 F), %...1-2 









Baldwin-Hill Co. 


fiues, turbines, tanks, and heaters 
and exchangers. 

Pipe insulations are _ usually 
supplied in semicylindrical sec- 
tions or curved segments, 3 ft 
long, to fit standard steel or 
wrought iron pipe and copper 
tubing. Flat equipment is usually 
insulated with block-type insula- 
tions which are firmly secured by 
metal straps, pins, and/or a strong 
insulating cement. 

Finishes for magnesia 

Some kind of finish or jacket 
is usually installed over 85% mag- 
nesia to protect it against mois- 
ture, chemicals, weathering or 
mechanical damage, and to im- 
prove appearance. Polyvinyl ace- 
tate coatings have become very 
popular in the past few years. 
A lightweight, factory-installed 
jacket is used for many indoor 
pipe applications. Where greater 
protection is required, this jacket 
can be removed and a heavier can- 
vas covering substituted. At points 
where the equipment is adjacent 
to hot metal surfaces and the can- 
vas is liable to burn insulating 
cement or asbestos cloth is used. 

An asbestos cement finish is 
frequently used on small, irregu- 
larly shaped equipment. The ce- 
ment is applied directly to the 
magnesia surface and may be 


mixed with portland cement for 


an extra hard finish. On large 
equipment such as ducts a wire 
mesh is frequently used under the 
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cenient for reinforcement. 

Pipe insulation that requires 
protection against weathering may 
be finished with asbestos felt that 
has been saturated and coated 
with asphalt. For weatherproofing 
uneven surfaces where a felt fin- 
ish is impractical (as on bends, 
flanges, valves and fittings), a 
plastic finish consisting of asbes- 
tos fiber and an asphalt compound 
is used. 

Other finishes include _ sheet 
steel jackets for use where there 
is danger of mechanical damage, 
and asbestos cloth for fire resist- 
ance and high heat resistance. 


Calcium silicate 


The structural strength and 
operating temperature limits of 
calcium silicate are somewhat 
higher than those of 85% mag- 
nesia. The material is intended 
principally for high pressure, high 
temperature steam and process 
pipe lines and has a maximum 
service temperature of 1200 to 
1800 F, depending on composition. 
The insulation is made up of 
hydrous calcium silicate rein- 
forced with asbestos fibers. 

Thermal conductivity of calcium 
silicate is about the same as for 
asbestos and 85% magnesia, vary- 


Magnesia-Silica Insulation Mfgrs. Assn. 


Power generation equipment such as this downtake header is frequently 


insulated with 85% magnesia. 


ing linearly from 0.41 at 200 F 
to 0.60 at 600 F. Density is about 
12 lb per cu ft. The material re- 
sists most acids and alkalis, as 
well as moisture, and is particu- 
larly suited for underground in- 
stallation because of its good wet 
strength. 

Calcium silicate insulations are 
primarily made in block and cylin- 
drical pipe form. They can be 
applied on pipe lines and equip- 
ment in either single or double 
layers and, in many applications, 
are used as a high temperature 
layer under 85% magnesia. 


Diatomaceous silica 


Diatomaceous silica (occasion- 
ally called diatomaceous earth) 
insulations are quite versatile and 
are available in a wide range of 
compositions and forms. Three of 
the principal compositions are de- 
scribed here: 

1. One of the principal compo- 
sitions is essentially granular. It 
has unusually high heat resistance 
and is used for insulating and 
fireproof cements, insulating con- 
crete and insulating fill for tem- 
peratures up to 2000 F. 

2. Another composition, with a 
somewhat wider range of applica- 
tions, consists of specially heat 
treated diatomaceous silicas blend- 
ed with carefully graded long as- 


bestos fibers, magnesia carbonate 
and binders. This composition is 
molded into cylindrical and block 
forms and is widely used as an 
insulation for high temperature 
pipe lines and equipment such as 
furnaces, boiler walls, ovens and 
breechings. 

The material has high thermal 
efficiency and sufficient strength 
to withstand vibration and normal 
service abuse. It is durable, shock 
resistant, and has high dimen- 
sional stability. The material can 
be used up to 1500-1900 F; how- 
ever, above 600 F it is common to 
use an outer layer of 85% mag- 
nesia with the material, choosing 
thickness of the layers so that the 





Magnesia-Silica Insulation Mfgrs. Assn. 
Heat exchanger cover head is insu- 
lated with 85% magnesin. 


temperature at their interface is 
600 F or less. 

3. Still another composition is 
a calcium silicate type made from 
diatomaceous silica plus asbestos 
fibers and an inorganic binder 
(see “New Structural Insulating 
Material,’”’ MATERIALS & METHODS, 
Dec 54, p 96). This structural 
insulating material is produced in 
sheet form and combines excellent 
thermal properties with good 
strength and light weight. 

It is produced in three different 
grades and densities. Some of the 
properties of these grades are 
given in Table 5. The material 
can be used at temperatures up 
to 900 F, and thermal conductivity 
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compares favorably with that of 
85% magnesia. Transverse 
strength varies from 550 to 1500 
psi for the three grades. Hard- 
ness of the general purpose grade 
is comparable to that of yellow 
pine. The material will not dis- 
integrate upon immersion in 
water, and resists attack by 
many corrosive materials, includ- 
ing some liquid metals. Principal 
applications are ship bulkheads, 
power plant boiler breechings, 
ovens, and protection of structural 
steel in processing plants. 


Other silicas 


In addition to the above compo- 
sitions, two other silica insula- 
tions are available for specialized 
applications: expanded silica and 
silica aerogel. 

Expanded silica 

This material is made from a 
chemically inert silica aggregate 
containing a myriad of small 
water particles. When heat is 
applied, the water is vaporized, 
exploding the silica and causing 
it to expand to many times its 
original volume. The expansion 
forms a lightweight inorganic 
cellular structure consisting of 
many minute voids and sealed 
cells containing air under partial 
vacuum. 

Because of its porous structure, 
expanded silica has both low den- 
sity and low thermal conductivity. 


Fibrous glass 


Fibrous glass insulations can be 
used effectively at both low and 
high temperatures. Principal ad- 
vantages of the material include: 
1) low thermal conductivity, 2) 
high sound absorption, 3) avail- 
ability in flexible and rigid forms, 
4) high tensile strength, 5) lack 
of odor, and 6) resistance to 
moisture, fire, rotting, and fungi 
and bacteria growth. 

Glass fibers are produced by 
steam or air jets which impinge 
upon, and break up, molten 
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TABLE 5—TYPICAL PROPERTIES OF 
DIATOMACEOUS SILICA-ASBESTOS FIBER SHEET 











Density> »> 21-25 34-38 60 

Thermal Conductivity, Btu/hr/sq ft/°F/in. 

Ro. Pak Sandal daisescine Mer, 0.55 0.76 1.5( 

eo ics se gat and sees a ewes 0.60 0.79 1.68 

na ee Tee oe 0.63 0.81 1.80 
Maximum Operating Temperature, F..................... 900 900 800 
SE nn os ce ccscaecceecccaceces 2.0» | 1.3¢ | 2.6° 
nn. cdecteudeedewessevcenns 115x105 | 4.0x105 7.0 x 105 
Transverse Strength, psi................. 20... ceeeeceee 550 | 90 #| ~~ 1500 





aIn lb per cu ft. 


bTo 200 F; shrinkage starts above this temp. 
cTo 250 F; shrinkage starts above this temp. 


Density in molded form is about 
9 lb per cu ft; k values range 
from 0.34 at 50 F to 0.41 at 200 F. 
The insulation can be used at 
temperatures from 35 to 300 F. 

Expanded silica insulation is 
largely used in molded pipe form 
with a protective coating or jac- 
ket. Principal applications are for 
hot, cold and chilled water lines, 
low pressure steam lines, and dual 
service heating and cooling sys- 
tems. 
Silica aerogel 

This insulation consists of a 
chemically produced skeleton of 
silica. The material is distin- 
guished principally for its very 
light weight (5 lb per cu ft) and 
its very low thermal conductivity. 
Conductivity ranges from a low 
value of 0.11 at -150 F to only 


streams of glass. The type of 
fibers produced depends upon the 
pressure of the steam or air and 
the temperature and viscosity of 
the molten glass. As _ pressure 
and temperature are increased, 
the action changes from the 
smooth attenuation of long, uni- 
form textile grade fibers to a vio- 
lent action which draws the 
streams out turbulently in many 
directions and produces shorter, 
finer fibers. After the fibers are 
blown they form a tangled mass 







0.30 at +570 F. The insulation 
has proved quite effective at tem- 
peratures as low as -320 F and 
will withstand temperatures as 
high as 1300 F without deterior- 
ating. It is also unaffected by at- 
mospheric water vapor after an 
initial increase of moisture vapor 
content to about 3 to 4%. The 
material absorbs water readily 
and loses its insulation value at 
water contents in excess of 30% 
by weight. 

Silica aerogel is easily poured, 
sucked or blown into a retaining 
jacket. In refrigeration equipment 
the insulation iscommonly applied 
by pouring it through a small 
opening in the back of the unit. 
To insure uniform distribution, 
the unit is slowly vibrated during 
the filling operation. 





whose properties are determined 
by such factors as size and length 
of the fibers, density of packing 
and the type of lubricant or binder 
used. 


Properties 

The excellent insulating proper- 
ties of fibrous glass are due to the 
large pockets of air between the 
fibers. These air pockets take up 
considerable volume. For example, 
in the case of glass wool packed 
to a density of 6 lb per cu ft, the 
fibers occupy only about 4% of 
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TABLE 6—TYPICAL PROPERTIES AND APPLICATIONS OF FIBROUS GLASS INSULATION 













































































| 
Fiber Max 
Type Diameter, Binder Density, Ther Cond (75 F),| Temperature | Major Applications 
in. Ib/cu ft Btu/hr/sq ft/°F/in.| Limit, F* 
Unbonded Quartz Fibers 0.000029 | None 3.0 0.24 (100 F) 2000 | Very high temperature uses 
Unbi nded Wool (white) 0.0005 Oil only 1.5 up (3.0 std) || 0.27-0.30 1000 | Heating equipment, appliances 
Bonded Wool (molded) 0.00038 Phenolic resin — 0.25 (100 F) 450 | Low temperature and low pressure 
| heated pipe 
Bonded Wool (fine fiber) 0.00004 Phenolic plus high 0.6 0.23 600 Aircraft 
temperature resins | 
0.00012 Phenolic plus high 0.75-2.0 0.22-0.27 600 Wrap-on pipe insulations 
temperature resins | L 
Phenolic resin 0.75-2.0 0.22-0.27 450 | General purpose 
Phenolic resin plus 0.3-0.5 — -— | Seat cushions, clothing interlinings 
silicone oil 
0.00017 Phenolic resin 0.75-2.00 0.24-0.29 450 | Railroad cars, trucks, furnaces 
Bonded Wool 0.00034 Phenolic resin 1.5-3.75 0.23-0.26 450 | Appliances 
0.0005 Phenolic resin 2.0-3.75 0.25-0.28 450 | Appliances 
0.0006 Phenolic plus high 6.0 0.24 600 | Ducts, fire barriers 
temperature resins 
Phenolic resin 2.0-12.0 0.26-0.29 450 General purpose. Fabricated forms: 
rolls, batts, blocks, boards, metal 
mesh blankets, duct insulations, 
pouring wool 








aMaximum temperature of surface in contact with insulation under the most favorable conditions. Organic binders and lubricants begin to oxidize 
at 275 F; loss depends upon amount present, access to oxygen, and thickness and density of insulation. There is no low temperature limit. 


the volume, the remaining 96% 
being air. At a given temperature 
thermal conductivity (see Fig 1) 
is a function of fiber diameter and 
orientation, density, and the type 
and amount of bonding agent, if 
used. Bonding agents consisting of 
phenolic or high temperature 
resins are usually used with the 
semi-rigid and rigid types of in- 
sulation. 

Fibrous glass insulations are 
not affected by low temperatures 
and have been used satisfactorily 
as low as —350 F. 

The upper temperature limit of 
unbonded fibrous glass ranges as 
high as 2000 F, depending on 
glass composition. Fibers based 
on borosilicate glass are generally 
limited to operating temperatures 
of 900 to 1100 F. Fibers based 
on 96% silica are capable of oper- 
ating at 1830 F, and fibers made 


from 98% pure quartz can be 
used to 2000 F. 

The temperature limit of bonded 
fibrous glass insulations is limited 
by the bond used and the type of 
application. As shown in Table 6, 
temperature limits vary from 450 
to 600 F. 

The low capillarity of fibrous 
glass helps to keep it dry when 
it comes in contact with moisture. 
The material will not deteriorate 
even if it becomes wet. Neverthe- 
less, despite this resistance to 
moisture, care must be taken to 
prevent the condensation and 
freezing of moisture in the body 
of the insulation. Condensation 
can be prevented by using a vapor 
barrier such as asphalt impreg- 
nated paper, an asphaltic coating 
or metal foil. For cold storage 


rooms or refrigeration pipes, the 
diffusion rate of this 


barrier 
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Glass fiber thermal conductivity at 
various densities and temperatures. 


should not be greater than 0.02 
perm (1 perm = 1 grain of water 
passed per hr per sq ft at a pres- 
sure differential of 1 in. Hg). 
Forms and applications 

In addition to building applica- 
tions, fibrous glass is widely used 
in consumer and commercial ap- 
pliances, and in transportation 
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Armstrong Cork Co. 
Mobile homes are covered with 
glass fiber insulation because of ma- 
terial’s light weight, ease of handling 
and thermal and acoustical proper- 
ties. 


and industrial equipment. 

Unbonded insulations are avail- 
able in a number of forms and 
can be cut and shaped to insulate 
curved or irregularly shaped sur- 
faces. Unbonded batts are fre- 
quently used in heating appliances 
such as range ovens, roasters, 
dryers and water heaters. During 
assembly the batts are compressed 
by the walls of the appliance to a 
final density of 3 lb per cu ft. 

Because of its light weight and 
resistance to fire, fibrous glass is 
widely used for insulating trans- 
portation equipment such as air- 
craft, trucks, mobile homes and 
ships. Aircraft, for example, are 
frequently insulated with a fine 
glass wool having a density of 
0.5 to 0.6 lb per cu ft. 

Bonded glass wool insulations 
are preferred for many applica- 
tions where greater rigidity is 
required and temperature is be- 
low 600 F. Wool batts are used 
in some water heaters and in 
domestic furnaces. The batts are 
held in place by adhesives or 
metal fasteners and may be lined 
with aluminum foil. 

Bonded fibrous glass board 
faced on one side with glass cloth 
is used on U. S. Navy ships. This 
material has a density of 9 lb per 
cu ft and is fastened to bulkheads 
by means of large headed pins 
which are pushed through the 
insulation and resistance welded 
in place. Similar materials with 
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a lower density (314 lb per cu ft) 
are also used on bulkheads. 
Pre-cut bonded wool is used in 
doors and walls of refrigerators, 
freezers and coolers. In such ap- 
plications the metal outer wall 
functions as an excellent vapor 
barrier, and the inner wall is fre- 
quently vented to allow water 
vapor to escape from the insula- 
tion. Insulation densities are usu- 
ally 2 or 2% lb per cu ft. 
Blanket insulations are fre- 
quently used for covering such 
equipment as boilers, cylinders, 
piping, ovens and tanks and tank 
cars. Blankets, faced on one or 
both sides with a metal mesh, may 
contain either unbonded wool with 
a density of 6 lb per cu ft or 
bonded wool with a density of 414 
lb per cu ft. The bonded wool in- 
sulation, though stiffer than the 
unbonded material, can be bent 
readily over curved surfaces. 
Block insulations, fabricated 
from high density bonded wools, 
are sometimes used instead of 
blankets for applications below 
450 F. Blocks with a density of 


Aluminum silicate 


Aluminum silicate fibers were 
originally developed as protective 
insulations for jet engines. In 
recent years, however, many pre- 
fabricated forms have been devel- 
oped, and the materials have be- 
come important for many other 
applications requiring high tem- 
perature resistance, light weight, 
strength and comparatively low 
thermal conductivity. 

Properties 

Aluminum silicate fibers are 
primarily intended for use at tem- 
peratures from 1000 to 2300 F. 
This temperature range falls be- 
tween those of conventional in- 
organic fibers (such as _ glass, 
mineral wool and asbestos) and 
insulating refractories. 

Aluminum silicate fiber has a 
melting point above 3000 F, and 
a maximum usable temperature of 
2300 F. When exposed to tem- 
peratures over 2000 F for long 
periods the material undergoes 
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9 lb per cu ft have a flexura] 
strength of 90 psi and are easily 
cut to special shapes. 

Preformed insulations made of 
bonded glass are available for 
piping at 
450 F. These materials are sup- 
plied in split cylindrical form and 
are covered with a canvas cloth. 
Density of the wool is about 71% 
lb per cu ft. For temperatures 
above 600 F a blanket type of 
unbonded wool is used. 


temperatures up to 


Finishes 

Fibrous glass insulations can 
be obtained with a number of sur- 
face finishes or facings, depending 
on the type of application. Typ- 
ical finishes are: asphalt; glass 
yarn-reinforced paper laminated 
with asphalt; asphalt-laminated 
kraft paper reinforced with glass 
yarn scrim; flame resistant, re- 
inforced paper and foil; alumi- 
num foil; and aluminum-pig- 
mented vinyl film. Neoprene and 
vinyl coatings (not vapor _bar- 
riers) are also available to mini- 
mize air erosion in duct liner ap- 
plication. 


devitrification. This phase change 
produces’ increased brittleness, 
lower tensile strength and abra- 
sion resistance, and some indica- 
tion of shrinkage. 

As shown in Fig 2, thermal 
conductivity of the material de- 
pends to a large extent on the 
form in which it is produced. At 
1400 F, for example, k values 
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rage from 1.0 for the paper form 
to 2.0 for the blanket or felt form. 

lensity also varies widely with 
form. In bulk form, density of the 
m:terial is about 4.5 lb per cu ft. 
In felted form the material weighs 
from 8 to 12 lb per cu ft. 
Applications 

Aluminum silicate fibers are 
produced in a variety of shapes 
for specific end uses. Some of the 
principal forms and applications 
are: 

Bulk—Used primarily as high 
temperature insulation for fur- 
nace hot topping, heating element 
cushions and jet engines; and as 
an expansion joint packing in 
kilns to reduce heat losses and 
maintain uniform temperatures. 

Textiles—Several types of high 
temperature textiles have been de- 
veloped, including blankets, rov- 
ing, yarn, rope, tape and broad 
woven goods. Aluminum silicate 
blankets are used in furnace tops, 
sidewalls and ducts, on turbine 
exhaust lines, and on superheated 
steam piping. Combinations of 
aluminum silicate blankets with 
glass fiber or asbestos materials 
are also used, the blanket reducing 
temperatures to a safe range for 
the glass or asbestos. 

Cast forms—A castable alumi- 
num silicate fiber utilizing high 
temperature binders has been de- 
veloped. In addition to drying 
lids and pressure vessel linings, 
cast forms have been used experi- 
mentally on boiler access doors, 
and as incinerator linings, duct 
insulations and induction furnace 
shielding. 

Moldings—Moldings have essen- 
tially the same fiber and binder 
composition as cast forms. Typ- 
ical applications investigated in- 
clude: combustion chamber liners, 
baffles and flame deflectors, and 
furnace and oven liners. 


Blocks—Preformed blocks, 
usable up to 2300 F, are made 
from short staple aluminum sili- 
cate fibers plus suitable fillers and 
binders. These forms are actually 
refractory insulations and are 
used to lower wall temperatures 
in industrial furnaces, kilns and 
combustion chambers. 


Wood products 


Wood has long been popular as 
an insulation material for a num- 
ber of important reasons. In its 
various forms wood combines low 
conductivity with high structural 
strength, low cost and easy fabri- 
cation. Some of the principal 
types of wood insulations in use 
today are: 1) cork, 2) balsa, 3) 
fiberboard, 4) softboard, 5) ply- 
wood, 6) redwood fibers, and 7) 
paper. 

Cork 

In general, cork insulations are 
made from granules of pure cork 
which are compressed and baked. 
Baking releases natural resins in 
the material which act as an ad- 
hesive and bind the granules to- 
gether. The material is available 
in three principal types: board, 
semi-flexible segmented pipe insu- 
lation, and molded insulation. 

Board insulations, intended pri- 
marily for low temperature appli- 
cations, are available plain or with 
a protective facing consisting of 
an asphalt-mastic coating on one 
or both sides. Thermal conductiv- 
ity is low—about 0.26 at 60 F. 
Allowable continuous operating 
temperatures range from -300 
to +200 F. 

Board insulations are princi- 
pally noted for their high struc- 
tural strength. Modulus of rup- 
ture of the material is about 21 
psi, and solid walls have been 
erected to a height of 14 ft with- 
out support. Density ranges from 
6.6 to 7.8 lb per cu ft. 

The natural cellular structure 
of the cork eliminates capillarity 
and effectively seals out moisture. 
In addition to its moisture resist- 
ance, the cork is quite resistant 
to decay and mold, is free from 
contaminating odors, and provides 
no harboring place for vermin. 

Semi-flexible insulations are 
made from precision-cut segments 
of cork which are adhered to a 
flexible backing of asbestos paper 
and aluminum foil laminate. The 
asbestos paper backing provides a 
fire resistant finish; the alumi- 
num foil acts as a vapor seal. The 
insulations are used in various 







thicknesses which are calculated 
to prevent condensation when used 
indoors under normal design con- 
ditions and within a recommended 
temperature range. 

Molded insulations are produced 
by compressing the cork in molds 
of proper size and shape for vari- 
ous sizes of pipes and fittings. 
After baking, the sections are 
machined to accurate size and 
finished inside and out with an 
airtight, moistureproof asphalt 
mastic compound. 

Molded insulations have a den- 
sity of about 10 lb per cu ft and 
are available in three types: 

1. Light duty cork coverings, 
averaging about 11% in. thick, are 
intended. for use on refrigerated 
water or other cold lines operating 
at temperatures above 30 F. 

2. Medium duty cork coverings, 
about 214 in. thick, are used 
principally on brine, ammonia, 
carbon dioxide and similar pipe 
lines from 0 to 30 F, or where the 
maximum difference between the 
refrigerant and the surrounding 
air is less than 100 °F. 

3. Heavy duty cork coverings, 
up to 4.2 in. thick, are intended 
for cold lines operating from 0 to 
—25 F, or where surrounding tem- 
peratures are unusually high, as 
in boiler rooms or adjacent to 
steam lines. Still thicker cover- 
ings are available for tempera- 
tures down to —300 F. 

Maximum service temperature 
of all molded cork insulations is 
200 F. Thermal conductivity is 
0.26 at 60 F and 0.27 at 90 F 
(mean temperature). Coefficient 
of expansion is 5.0 x 10-5 per °F. 
Balsa 

The principal advantage of balsa 
wood as an insulating material is 
that it combines low conductivity 
with comparatively high struc- 
tural strength. Thermal conduc- 
tivity of balsa wood at low densi- 
ties (see Table 7) compares favor- 
ably with that of other insulating 
materials. The good thermal prop- 
erties of the material derive from 
its cellular structure and pockets 
of entrapped air. 
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TABLE 7—TYPICAL PROPERTIES OF BALSA WOOD 








Density? »> 5 9 14 

Ther Cond, Btu/hr/sq ft/°F/in.. 2... cece eee 0.287 0.385 0.508 
Compression Properties (perp to grain), psi 

Stress at Proportional Limit........................... 300 1050 1900 

I on ccc ucecccccdacceccsavees 550 1440 2600 

EE 210,000 580,000 1,000,000 
Compression Properties (perp to grain), psi 

Stress at Proportional Limit’. ...................00000- 40-70 | 80-115 | 130-180 
Bending Properties, psi | 

Stress at Proportional Limit. .....................0000. 600 1350 2275 

RSIS ae 1050 2375 4000 


UN YUEN. oi. va accccascccccsccece 
Tensile Strength (perp to grain), psic............. 
ee ck nde bdieebonsese 
Impact Strength (perp to grain), in. Ib°........... 


eereeeeee 


210,000 485,000 825,000 


jkeeauns 65-100 100-145 145-205 
javkadst 130-145 245-290 385-475 











90 210-235 355-420 





aIn Ib per cu ft. 


bK = S(1.39 + 0.28M) + 0.165; where S=specific gravity and M = moisture content (assumed 


to be 5%). 
eValues depend on direction of loading. 


Because of its _— structural 
strength, balsa can be used with- 
out highly conductive stiffening 
members. These stiffening mem- 
bers, commonly used with non- 
structural insulations, can account 
for over half the total heat losses 
of even the best designed panel 
insulations. 

A significant use of balsa insu- 
lations in recent years has been 
as a core material in. reinforced 
plastics tanks. These tanks, usu- 
ally used for milk trucks, have 
proved superior in some respects 
to conventional metal tanks. A 
2-in. thick sheet of balsa forms 
the heart of the combination insu- 
lation-structure; it is combined 
with a glass cloth-reinforced plas- 
tics shell and a thin stainless steel 
lining. In addition to its good 
insulating properties, the struc- 
ture has high strength, resists 
weathering, and is easy to repair. 

Balsa insulations are also cap- 
able of being used at compar- 
atively high temperatures. Un- 
protected insulations are capable 
of operating at temperatures up 
to 350 F with little impairment of 
physical properties. At tempera- 
tures above this value, oxidation 
begins to occur and physical prop- 
erties drop off. Higher tempera- 
tures can be tolerated, of course, 
if the balsa is used as a core mate- 
rial and is suitably protected from 
exposure. 


Fiberboard 

Fiberboard insulations made 
from fibers of woods such as 
southern pine are ideally suited 
as structural insulations. They 
are particularly desirable for use 
in conjunction with non-load- 
bearing types of insulation and 
are used in such applications as: 
supporting strips in cold cabinet 
bottoms, mounting boards under 
mechanical units, and structural 
insulations to reduce the weight 
of framing members. 

Thermal conductivity of the ma- 
terials is about 1.4 at a mean tem- 
perature of 65 F. Density is about 
66 lb per cu ft. 

Fiberboard insulations have a 
high degree of moisture resistance 
because of an asphalt impregnant 
which coats each fiber with a 
waterproof film. Tests show only 
2.2% water absorption by volume. 
The materials have high loading 
capacity and can be fabricated 
into complicated shapes. 
Softboard 

Softboard materials in a num- 
ber of densities are widely used 
as thermal and acoustical insula- 
tions. The method used for pro- 
ducing the materials is similar to 
that used for making thick papers, 
i.e., mechanically felting wood or 
bagasse fibers into mat. 

Softboards can be divided into 
three principal classes: semi-rigid, 
rigid and intermediate density. 


132 « MATERIALS IN DESIGN ENGINEERING 
, Formerly Materials & Methods 


Semi-rigid types have a density 
of 1.5 to 9 lb per cu ft and k 
values of 0.24 to 0.27. Rigid types, 
in densities of 9 to 25 lb per cu ft. 
have thermal conductivity values 
ranging from 0.27 to 0.40. 

Density of the intermediate 
types varies from 25 to 50 lb per 
cu ft. Thermal conductivity values 
are comparatively high and range 
from 0.40 to 0.80. Intermediate 
density softboards, however, pos- 
sess relatively good mechanical] 
strength. Modulus of rupture var- 
ies from 400 to 4000 psi, and 
modulus of elasticity in bending 
varies from 90,000 to 700,000 psi. 

Semi-rigid softboard has the 
lowest density and thermal con- 
ductivity of all wood composition 
boards. It is used to insulate car, 
bus, railroad and truck bodies; 
refrigerators; and other equip- 
ment where loose insulation would 
be undesirable because of vibra- 
tion. Rigid and intermediate den- 
sity softboards are used primarily 
as building insulations. Although 
the rigid type has better insula- 
ting properties, the intermediate 
density material is more resistant 
to scuffing and marring. 
Plywood 

Plywood’s high thermal conduc- 
tivity, compared to that of some 
of the more cellular or fibrous 
wood materials, is offset by its 
high structural strength and its 
ability to withstand abuse. In 
some industrial applications ply- 
wood is used without any protec- 
tive facing. However, in many 
applications the range of the ma- 
terial is extended by providing it 
with a more durable facing, usu- 
ally a metal. 

Some of the common metal 
facings that are bonded to ply- 
wood are: aluminum, stainless 
steel, porcelain enameled steel and 
zinc coated steel. (In addition to 
plywood, these metal facings can 
also be bonded to many other in- 
sulations such as hardboard, balsa 
wood, asbestos-diatomaceous silica 
board, cellular rubber and polysty- 
rene foam.) 

One of the principal applications 
for metal-faced plywood is trans- 
portation equipment. When used 
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in truck, trailer and railway bod- 
ies, such insulation provides fair 
thermal efficiency with compar- 
atively low weight, ease of assem- 
bly, mar and heat resistance, and 
gome degree of sound and vibra- 
tion absorption. 

Redwood fibers 

Redwood fiber insulations are 
not as widely used in industrial 
equipment and products as most 
other wood insulations. They are 
used principally to insulate large 
freezers, coolers and controlled 
atmosphere installations. 

Redwood insulations are made 
largely from fibrous redwood bark, 
an extremely durable material. 
Thermal conductivity compares 
favorably with that of other insu- 
lations; k values range from a 
low of 0.17 at —120 F to a high of 
0.28 at 90 F. Recommended den- 
sity is about 414 lb per cu ft. 

The good thermal qualities of 
the insulation derive from its high 
content of minute air cells which. 
in addition to providing low con- 
ductivity, prevent convection cur- 
rent losses. The material is quite 
repellent to rodents and insects, 
and will not absorb odors. It is 
quite moisture’ resistant, but 
should always be used with a 
vapor barrier to prevent conden- 
sation. 

Paper 

The uses of paper for non-archi- 
tectural insulations are rather 
specialized. The outstanding fea- 
ture of paper is its low cost. It 
can be used in sheet form or im- 
pregnated with organic binders 
and molded into a variety of 
shapes. Structural strength, how- 
ever, is quite low, and the mate- 
rial is not very resistant to mois- 
ture or fire. No information on 
thermal conductivity is available. 

Cross-creped kraft paper (see 
“Cross-Creped Kraft,”” MATERIALS 
IN DESIGN ENGINEERING, Nov ’57, 
P 138) can be used as high as 
300 F and in some cases up to 
400 F. Above 400 F scorching 
may occur and the material may 
suffer some embrittlement as 
moisture is driven off. No damage 
is suffered at low temperatures. 

























































Rubatex Div., Great American Industries, Inc. 
Refrigerator parts (top) are insulated with prefoamed polystyrene, selected 
for its combination of thermal and structural properties. These properties are 
also characteristic of refrigerator truck insulation (bottom) which consists of 
cellular rubber. 


Central heating and cooling unit is insulated with rigid glass fiber panels. 


Owens-Corning Fiberglas Corp. 





=n oie ive “irene = = 





SSS 
on eee See! OL re 








Organic fiber insulations—both 
natural and synthetic—are used 
to some extent for light duty in- 
dustrial applications. 

With the exception of cotton 
and wool which are sometimes 
used in loose form, organic and 
synthetic insulating materials are 
usually used in felted form. Some 
of the principal felt insulating 
materials available are cotton, 
wool, rayon, Dynel, Arnel, Orlon, 
Dacron, acetate, Acrilan and nylon. 
Most of the materials are used 
alone; however, some of them may 
be combined with each other. 

The fibrous, porous, matted 
structure of organic and synthetic 
felts makes for good thermal and 
acoustical insulation. In general, 
untreated natural wool felts can 
be used at temperatures as low as 


Plastics foams 


Because of their cellular struc- 
ture and large number of dead 
air spaces, plastics foams are 
ideally suited as thermal insula- 
tions. In addition to providing 
low thermal conductivity, these 
materials are also recommended 
because of their high strength- 
weight ratio, their low odor, their 
good resistance to water vapor, 
and their ease of fabrication. 

In general, the thermal proper- 
ties of plastics foams (see Table 
8) are determined by resin con- 
tent, density, and type and size 
of cellular structure. Some of the 
principal insulating foams in use 
today are: 1) rigid polystyrene 
which can be prefoamed or fcamed 
in place; 2) flexible, semi-rigid or 
rigid urethanes which can be pre- 
foamed or foamed in place; 3) 
rigid phenolics and silicones which 
are usually foamed in place; 4) 
soft and rigid polyvinyl chloride; 
and 5) rigid, prefoamed urea 
formaldehyde. 

Rigid polystyrene 

Two principal types of rigid 

polystyrene plastics foams are 


Organic fibers and felts 


—110 F and continuously at tem- 
peratures as high as 250 F. They 
can also be used intermittently at 
higher temperatures. Temperature 
limits of synthetic felts are about 
the same, except that some of the 
materials can be used continuously 
up to 400 F. Thermal conductiv- 
ity of both natural and synthetic 
felts (4 lb per cu ft density) is 
about 0.21 at room temperature. 

In general, untreated wool or 
wool and cotton felts exhibit two 
types of combustion. Flaming 
combustion occurs when flammable 
gases produced by thermal decom- 
position unite with oxygen to pro- 
duce flame. Flameless combustion 
occurs when oxygen combines with 
fibers to produce glowing. Flame- 
proofing treatments can be applied 


available for insulation purposes: 
prefoamed and foamed in place. 

Prefoamed materials have ex- 
cellent insulating properties (see 
“Plastics Foam Sandwich Used 
for Refrigerator Walls,” MATE- 
RIALS & METHODS, May ’57, p. 
150), and its thermal conductivity 
compares favorably with that of 
other commonly used board insu- 
lation materials. Heat distortion 
temperature, and therefore maxi- 
mum service temperature, is about 
175 F. Properties of the material 





to felts to make them gelf. 
extinguishing and to reduce the 
period of afterglow to seconds. 
Such treatments have no effect on 
the properties of the felt. 

One of the most popular felt 
insulations contains cotton and 
rayon fibers bonded together with 
an inert phenolic resin. The 
phenolic binder provides the ma- 
terial with high resistance to 
mildew, mold and bacteria attack. 
Thermal conductivity of the insu- 
lation compares well with that of 
other insulations, ranging from 
0.24 to 0.27 at a mean tempera- 
ture of 75 F. Since its upper 
operating temperature limit is 
about 200 F, the material is pri- 
marily recommended for low tem- 
perature applications. 


are not adversely affected by sub- 
zero temperatures. 

Because of its closed cell struc- 
ture the material has excellent re- 
sistance to water. Water vapor 
transmission is very low, and the 
foam will not rot or support mold 
growth. The material is nontoxic, 
and its water and chemical re- 
sistance are similar to that of 
conventional polystyrene. It does 
not have particularly good acous- 
tical insulation properties. 

Earlier formulations had _ the 


TABLE 8&—COMPARATIVE THERMAL PROPERTIES OF PLASTICS FOAMS 
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| | Max 
Plastic @ | Density, | Ther Cond, | Coef of Cont 
Ib/cu ft Btu/hr/sq ft/°F/in. | Ther Exp, per °F Svc 
Temp, F 
Polystyrene 
Prefoamed............ 1.7-2.3 |0.226 (0 F), 0.295 (100 F); 3-4 x 10-5 (0 to 80 F) 175 
Foamed-In-Place...... 2.5 0.205 (0 F), 0.257 (100 F) —~ 170 
Urethane 
Seen cwans' 2.0 0.20 1.4 x 10-5 ( —22 to 86 F) 200 
Saar 2.0 0.23 1.9 x 10-5 (32 to 140 F) | 200-400 
EE 12-16 0.3 — 700 
ES ee 1.7 0.24 =~ 300 
Polyvinyl Chloride (rigid)...) 4-7 0.23 — 110 
Urea Formaldehyde........ 0.8 0.20 (100 F) — 120 _ 
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Johns-Manville Corp. 


Tanks and other large containers can be protected with a variety of insulations. Typical of these are an asphalt- 


wee 


asbestos coating (left) and cellular glass blocks (right). 


disadvantage of being flammable. 
However, a formulation has been 
developed which is self-extinguish- 
ing and which melts, does not 
burn, on contact with flame. 


Foamed -in- place  insulations 
have densities of 1.5 to 15 lb per 
cu ft. They can be used at tem- 
peratures up to about 170 F, 
and self-extinguishing grades are 
available. In addition to low 
thermal conductivity, they also 
possess low water absorption and 
water vapor permeability, and are 
odorless and resistant to fungi. 
All molded foam pieces have a 
dense, hard smooth skin which 
enhances strength properties. 

In addition to the two polysty- 
rene systems described above, a 
promising new plastics foam is 
currently being developed. The sys- 
tem (see MATERIALS & METHODS, 
Apr ’57, p 142) combines expand- 
able polystyrene beads and an exo- 
thermic-type thermosetting resin, 
usually an epoxy. 

Density of the foam ranges 
from 5 to 20 lb per cu ft. As in 
other polystyrene foams, thermal 
conductivity is low—on the order 
of 0.24. Water resistance is also 
low because of the hard epoxy 
surface and unicellular structure. 
This unicellular structure, com- 






bined with good _ structural 
strength and low thermal conduc- 
tivity, makes the foam a promising 
material for refrigeration uses 
such as doors, cabinets, freezer 
lids and evaporator doors. A re- 
frigerator door has been produced 
by expanding the foam between 
molded high impact polystyrene 
sheets. Also, doors have been 
made with molded-in lock mechan- 
isms, latches, hinges, gaskets and 
fixtures. The epoxy resin that is 
driven to the surface provides the 
adhesion to bond the _ inserts 
firmly in place. Other potential 
low temperature applications in- 
clude transportation and air con- 
ditioning equipment. 
Urethanes 

Urethane foams are not as 
widely used for insulation pur- 
poses as the polystyrene foams. 
Nevertheless, they do provide low 
thermal conductivity as well as 
excellent mechanical strength, 
cushioning properties, and resist- 
ance to abrasion and chemicals. 

The thermal conductivity of 


semi-rigid systems increases lin- 
early with increasing density. K 
values range from a low of 0.20 
at a density of 1 lb per cu ft to 
0.30 at 20 lb per cu ft. A similar 
trend is shown by rigid urethane 


Corp. 
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Pittsburgh Corning 








foams; k values range from about 
0.23 at 1 lb per cu ft to 0.43 at 20 
lb per cu ft. 

Silicones 

The principal advantage of rigid 
silicone insulating foams is their 
heat resistance. Some can with- 
stand continuous exposure to tem- 
peratures above 700 F. The foams 
are also extremely resistant to 
thermal shock and, when exposed 
to direct flames, become red hot, 
do not burn, and show only slight 
surface change. Average thermal 
conductivity of the foams is about 
0.3 at densities from 12 to 16 lb 
per cu ft. 

Silicone foams can be obtained 
both as foam-in-place formulations 
and as block and sheets. Principal 
applications include thermal and 
electrical insulation in missiles 
and high speed aircraft, as well as 
in specialized electronic equip- 
ment. 

Phenolics 

Rigid phenolic foams have ex- 
cellent thermal and_ acoustical 
properties. Optimum thermal in- 
sulation properties are obtained 
with densities of about 1 lb per 
cu ft. Thermal conductivity at 
this density is roughly 0.23. 

Phenolic foams have about the 


MARCH, 1958 ¢ 135 







































same degree of heat and chemical 
resistance as unexpanded phenolic 
resins. They can be used for con- 
tinuous service at temperatures 
up to about 300 F. They are self- 
extinguishing, and they can be 
used in contact with most chemi- 
cals (with the exception of cer- 
tain alkalis), alcohols and ketones. 
Principal insulation applications 
to date have been honeycomb com- 
ponents in sandwich constructions. 
Polyvinyl chloride 

Closed cell polyvinyl chloride 
foams are available in soft to 
rigid sheets and in molded forms 
for thermal insulations. Outstand- 
ing characteristics of these foams 
are: 1) low thermal conductivity, 
2) light weight (5 to 30 lb per 
cu ft), 3) impermeability, 4) fire 
resistance (optional), and 5) 
chemical inertness. 


Cellular rubber 


Both natural and synthetic cellu- 
lar rubbers are available for 
thermal insulations. In addition 
to their low thermal conductivity 
these materials are also noted for 
their: 1) light weight, 2) avail- 
ability in soft or hard forms in a 
variety of shapes, 3) high resist- 
ance to moisture and vermin, 4) 
easily cleaned and sanitary sur- 
faces. 

The low thermal conductivity of 
cellular rubber derives from its 
high content of tiny closed cells 
filled with nitrogen. With the ex- 
ception of the nitrogen content, 


TABLE 9—TYPICAL PROPERTIES OF 
CELLULAR RUBBER INSULATION 














Type »> Soft Hard 
Ther Cond, Btu/ | 0.27-0.30 0.20-0.25 
hr/sq ft/°F /in. 

Density, lb/cuft..} 8-18 5-20 

Water Absorp, %* 5 5 

Compr Set, %»..| 40-50 — 

Compr Str, psi... ~ 30-400 ¢ 

Flex Str, psi. .... — 250-650 (8-10 Ib/ 
cu ft); 1000-1500 
(20 Ib/cu ft) 





aASTM D1056-49T. 
bASTM D552-46aT. 


cDepends on density. 
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K values range from 0.23 for 
the rigid form to 0.25 for the 
soft form. Although primarily in- 
tended for low temperature appli- 
cations, the materials can be used 
at continuous operating tempera- 
tures up to 110 F, and inter- 
mittently as high as 200 F. 

The good insulation properties 
and water resistance of polyvinyl 
chloride foams are demonstrated 
by their use in ice buckets. Large 
cakes of ice placed in covered 
rigid containers have remained 
more than 40% unmelted after 
seven days exposure at room tem- 
perature. 

Although the foam becomes firm 
at low temperatures, it still re- 
mains flexible. At 0 F, it loses 
most of its resilience and is firm, 
but even at —40 F it can be bent 
without cracking. 


the structure of these materials is 
quite similar to that of foam plas- 
tics. 

As shown in Table 9, cellular 
rubber is available in both soft 
and hard forms. Thermal conduc- 
tivity and density of both forms 
are quite similar. 

Soft rubber 

Density of the soft rubber 
ranges from 8 to 18 lb per cu ft, 
and the material is produced as 
flexible tube, cord and strip. The 
soft material was developed pri- 
marily to overcome the loss in 
efficiency which can occur with 
open cell (sponge) rubber tubing 
when used as an insulation on cold 
water lines. Open cell rubber has 
a marked tendency to absorb the 
condensation formed on lines dur- 
ing hot humid conditions. Because 
of its closed structure, cellular 
rubber is impervious to water 
vapor and will not lose its effi- 
ciency. 

The soft material has a tend- 
ency to harden gradually at low 
temperatures. It remains flexible 
at temperatures down to —20 F, 
becomes quite firm at —40 F, and 
becomes brittle at -50 F. How- 
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.Urea formaldehyde 
Rigid, expanded urea form: (qe. 
hyde plastic, with an interw 
crystalline structure conta 
about 99% air by volume, is 9 
of the lightest organic fcim 
} 


available. Its density is abou’ 028 
lb per cu ft, and the materi: js 
produced in the form of lirge 


blocks (about 20 x 10 x 4 in.) oy 
as shredded insulations. Primary 
uses of these materials are low 
temperature insulation and acous- 
tical insulation. 

Shredded insulation has a k 
factor of 0.18 at 75 F and 0.20 at 
100 F. The material can be used 
continuously at temperatures up 
to 120 F. Exposure to direct flame 
causes volatilization, but the ma- 
terial will not support combustion 
and is self-extinguishing. It is 
not affected by low temperatures. 


ever, the physical properties of 
the insulation are restored when 
it is brought back to room tem- 
perature. 

Soft cellular rubber can also be 
used to insulate pipes carrying hot 
liquids. Except for an increase 
in hardness, its insulation and 
other properties remain un- 
changed as temperature is _in- 
creased. After three months at 
158 F the material experiences 
an increase of about 30 to 40% 
in firmness and 12 to 15 points 
in durometer hardness. After five 
months at 200 F, firmness approx- 
imately doubles and durometer 
hardness increases 40 to 50 
points. Maximum recommended 
operating temperature of the ma- 
terial is about 250 F. Exposure 
for one week at this temperature 
produces a hard brittle material 
with a durometer increase of 60 
points. 

Hard rubber 

Compared to other insulation 
materials, hard cellular rubber 
has a very favorable strength- 
weight ratio. It is rigid, firm and 
quite light. It is available in den- 
sities of 5 to 20 lb per cu ft, and 
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ca! be molded or made in sheets 
up ‘o 20 x 36 x 14% in. Because 
of its thermoplastic properties, 
the material can be post-formed 
by neating and shaping; original 
nr perties of the insulation are 
rei ined after cooling. The mate- 
ria. is also easily machined, filed 
or sawed. 

ard cellular rubber can be 


Cellular glass 


Cellular glass can be used for 
both low and high temperature 
insulations. It has good thermal 
efficiency, it is noncombustible, 
and each cell provides an effective 
barrier against convection cur- 
rents and moisture diffusion. 

The material is made by heat- 
ing pulverized glass with a gasify- 
ing substance to a temperature 
that causes the glass to flow. As 
the gas expands it forms hollow 
cells or voids which amount to 
about 90% of the total volume of 
the material. After the glass has 
completely expanded into a closed 
container it is removed in the 
form of rigid blocks and then cut 
to the desired shape. 

Properties 

As shown in Fig 3, the thermal 
conductivity of cellular’ glass 
varies linearly from 0.22 to 0.68 
over a temperature range of —100 
to 500 F. The material is particu- 
larly suitable for uses below 32 F 
because it is impervious to water 
vapor and because no condensa- 
tion can take place within the 
cells. The combination of cellular 
structure and inorganic constitu- 
ents also enables the material to 
retain its rigidity and mechanical 


Ice bucket made from closed cell 
polyvinyl chloride has high thermal 


efficiency and structural strength. 
B. F. Goodrich Co, 


















































compounded with many special 
properties. It can be made re- 
sistant to strong acids and to oils, 
and suitable for continuous opera- 
tion at 290 F. It will not disin- 
tegrate, crumble or become water- 
logged, and will last indefinitely if 
not unduly damaged. 

Hard cellular rubber in block 
or sheet form is used principally 
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Mean Temperature, F 


Cellular glass thermal conductivity 
from —100 to +500 F. 


properties at temperatures up to 
800 F. 

Cellular glass has roughly the 
same density as the heavier foam 
plastics—about 10 lb per cu ft. 
Other significant properties are 
listed in Table 10. 

Applications 

Some of the principal uses of 
cellular glass are cold insulations 
at —50 to +50 F. Such insulations 
include walls, ceilings and floors 
of cold storage rooms, as well as 
refrigeration equipment and pip- 
ing. Although cellular glass is 
inherently protected against in- 
ternal moisture condensation, it is 
necessary to seal all joints with a 
suitable mastic material to pre- 
vent water vapor from penetrat- 


in the construction of cold boxes 


and. refrigerator rooms’ and 
trucks. Because of its high struc- 
tural strength, it can be used for 
walls and ceilings without rein- 
forcement. Also, because of its 
cellular structure, it does not lose 
its insulation value through in- 
ternal condensation and ice for- 
mation. 


TABLE 10—PROPERTIES OF 
CELLULAR GLASS 





Ther Cond, Btu/hr/sq ft/°F/in. 


ee cance ake kde en hawks 0.35 
Sir. ch Bie ih baste: oda gtnden senor eee 0.38 
ee rrr rer rrr 0.39 

Specific Heat, Btu/Ib/°F.................. 0.20 
Coef of Ther Exp, per/°F........... 0.46 x 10-® 
ees ss ond snes shack sees 8-10 
Moisture Absorption, % by vol.............0.2 
Modulus of Elasticity, psi.............. 180,000 
Strength, psi 

aca nn a eqedeesnkeeee saul 100 
EE SRS eT er, 75 
Rh sat hn a6. dee pha eeke ieee 64 
NR cose ation athe sieeaseianrweal 84 





ing through the seams and con- 
densing on chilled inner surfaces. 
Also, when used in applications 
where it is liable to be loaded, 
cellular glass must be protected 
by a layer of material such as 
cement that will distribute con- 
centrated loads over a large area. 

Cellular glass can be placed in 
contact with parts operating at 
temperatures as high as 800 F. It 
is installed just like other inor- 
ganic block insulations. Where 
large areas are involved, allow- 
ance should be made for differ- 
ences in expansion between the 
insulation and the base material. 


Reflective surfaces 


The value of reflective insula- 
tions in architectural and in some 
product applications is well 
known. It has been shown that 
air spaces give much better insu- 
lation if they contain highly re- 
flective surfaces. Similarly, the 
insulating efficiency of most insu- 
lating materials of blanket, batt 







or board form is increased by the 
use of reflective aluminum foil or 
paint. In many such applications, 
the aluminum foil also serves as 
a vapor barrier. 


Reflective insulations are not 
very effective in hindering the 
flow of heat by conduction or con- 
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L.O.F, Glass Fibers Co. 
Jet engine parts are sometimes 
insulated from excessive heat, as 
well as air stream erosion and acci- 
dental damage, by high temperature 
glass fiber insulation protected by 
flexible Inconel jacket. 





Asphalt coatings 


As mentioned previously, as- 
phalt impregnants are sometimes 
used on fiber insulations to pro- 
mote bonding and to improve re- 
sistance to moisture and chemi- 
cals. In addition to this function, 
asphalt is frequently used in coat- 
ing form as an insulation over 
bare metal surfaces or as a pro- 
tective insulation over a primary 
insulation. 

Asphalt-cork types 

Asphalt coatings are supplied 
in several compositions, each hav- 
ing a specialized function. One 
of the principal compositions 
available consists of an asphalt- 
base mastic containing a high 
volume content of screened ground 
cork and a small amount of long 
asbestos fibers. The asphalt forms 
a matrix that firmly bonds and 
seals the individual cork particles 
which are uniformly distributed 
and serve to lower thermal con- 
ductivity. Available in medium 
and heavy grades, both of which 
can be applied by spraying (the 
heavy grade can also be applied 
with a trowel), this composition 
cures to a tough and abrasion re- 
sistant coating with good insulat- 
ing properties and resistance to 
weather and water vapor trans- 
mission. 

The coating alone has a thermal 
conductivity of 0.5 to 0.7. A 4- 
in. film of the material commonly 
reduces the heat loss of oil stor- 
age tanks up to 65%. The allow- 
able operating temperature range 


vection. They are primarily de- 
signed to reflect (not to absorb) 
radiant energy. The ability of a 
surface to emit and absorb radi- 
ant energy is measured by its 
emissivity or “e”’ value. The 
lower the emissivity value, the 
lesser the ability of the surface 
to emit or absorb radiant energy. 
Thus, a material with a low emis- 
sivity value has high reflective 
properties. An ideal black body 
has an emissivity of 1.0 (i.e., zero 
reflectivity) and an ordinary dark 


of cured films ranges from —40 to 
+275 F. The coating becomes 
heat resistant after curing, and 
does not support combustion un- 
less the heat becomes so intense 
as to decompose the asphalt. 

Coatings are usually applied in 
thicknesses of 144 to % in. and 
cure to a black surface having a 
pleasing pebbled appearance. In 
addition to providing low thermal 
conductivity, asphalt coatings act 
as a weather and vapor barrier 
to protect underlying surfaces 
from condensation, corrosive and 
weathering elements, and also as 
a sound deadener. The coatings 
are not intended to replace con- 
ventional insulations which are 
normally applied in thicknesses of 
more than 1 in. to obtain heat 
loss reductions of 80% or more. 

The asphalt-cork coatings are 
largely used to insulate and pro- 
tect chemical and petroleum proc- 
essing equipment and_ similar 
equipment. Typical applications 
are: fractionation towers, oil or 
water storage tanks, walls, ceil- 
ings and panels in buildings, and 
pipes and ducts. The coatings are 
also used on truck, bus and rail- 
way cars where a combination of 
insulation, vapor and weather pro- 
tection, and sound deadening prop- 
erties are needed. 
Other types 

In addition to the above types, 
a number of other asphalt com- 
positions are widely used. An 


asphalt-base plastic composition 





rough surface an emissivity of 
0.90. Compared to these surfs es. 
bright metal has an emissivit: of 
0.05, and semi-reflective surf: ees 
have emissivities ranging f: om 
0.15 to 0.50. 

The maximum operating t.m.- 
perature of reflective aluminum 
foil is a function of the materi,|’s 
melting point. Aluminum bevins 
to melt at about 1070 F; for this 
reason the material is not gener. 
ally recommended for operation 
above 700 F. 


serves as a non-breathing vapor 
and water barrier over insulation 
and metals. Another type con- 
taining fibrous and expanded low 
density mineral fibers is recom- 
mended as a breathing, waterproof 
barrier over high temperature 
insulations. Still another compo- 
sition containing catalytic asphalt 
and mineral fillers is recom- 
mended as a bedding and joint 
compound for low temperature 
insulation with a service range of 
—100 to +200 F. Asphalt cements, 
primers and coating vehicles are 
also available. 
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Dwe. CODE 
0.€ Compression Molded Fine | Add 0.00 / in for each additional 10 sq in. 
: For projected orea over |Stondord| Add 7.7 0 2 in. for each additional 10 sq in. 
20 sq in. oorse | Add 70073 in.for each additional 10 sq in. 
Tronsfer, jet, or injection PLUS OR MINUS TOLERANCE IN THOUSANDTHS OF AN INCH(F= Fine; S=Stondord, C= Coorse) 
molded.Any area 1234567 8 9 1 fl 12 3 4 15 16 IT B 19 20 2 22 
ry) Single cavity F $ C 
[*) Multiple cavity F S$ C 
For each inch of depth ove 
0 1000 odd tin) 0.001 
Woodflour-Filled Phenolics 
Drowing Dimensions LPs: or Minus in Thousands of An inch® == ———+— 
Code (in.) 123 45 67 8 § OW HW 12 3 14 15 16 IT 18 19 2 2H 22 2 24 2% 26 2 ww 3 
0.000 
—0.500 he, 
e¢ ——= § 000 NY i 
33 909 N NX 
ee 5.000 S 
EE« : N N 
See 6.000 
aoa 6.000 to 12.000 Fine* | Standordt Coorset 
For each inch over 
naw 6.000 odd (in.) 0.00/15 0002 0.0025 k#—A tL __ 
qovu . Over I 000 n 
or each inch 
ae gach inchover §=1 0002 | 0.003 | 0.005 ne ! ‘| 
© Single Cavity 0.000-1.000 | 0.004 0.006 0.008 B 
Lo Multiple CavityO.000°1.000 | 0.006 0.008 0.0/0 bas D 
F 
z TOoc cde tn) [9002 | 0.005 | 0.008 | 
~ 0.000 to 0.100 0.003 0.005 0.008 
5z 0.1 00 to 0.200 0003 | 0.005 |0.008 . | 
_& 0.200t0 0300. |0.003_| 0.005 | 0008 
SIDEWALL F DIMENSION b Section thickness to be hetd relatively constant These tolerances do not opply to screw threads, gear teeth or fit of mating 
n rp _ - / ports; dimensions in these classifications can generaily be heid to closer limits 
F' Variation in woll thickness due to eccentricity, 0.005-0.007 in. Interlocking reduces this, These tolerances do not include allowance for aging chorocteristics of material. 
ORAFT ALLOWANCE We Ya? | /° For furtner informotion see discussion in Plastics Engineering H 
we. CODE 
0,€ Compression Molded. Fine | Add 0.00 / in. for each additional 10 sq in. 
For projected oreo over |Stondord| Add 0.002 in.tor each additional 10 sq in. 
20 sq in. rse | Add 9.007 in.for each additional 10 sq in. 
Transfer, jet, or Injection PLUS OR MINUS TOLERANCE IN THOUSANOTHS OF AN INCH (F = Fine; $= Stondord, C= Coorse) 
Molded.Any oreo 12345678 9 tt i213 4 15 16 17 B 19 20 2 22 
0 Single cavity F C 
[?) Multiple cavity $ ¢ 
For each inch of depth over 
o 1,000 odd (in) 0.001 





€ For more information, circle No. 496 


Source: Plastics Engineering Handbook of the Society of the Plastics Industry, Inc., 





Reinhold Publishing Corp., 


MARCH, 1958 






e 141 






























i your 
HOSE LINES 


must cope with 
these conditions... 


HIGH TEMPERATURES 
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LIVE STEAM FLEXING AND IMPULSING 





you can cut costs, increase reliability 
with hose made of 


TEFLON® TFE-fluorocarbon resins 


Hose lined with TerLon TFE-fluorocarbon resin is being specified 
for the toughest jobs, because: TFE resins are unaffected by 
practically all corrosive chemicals and solvents. They can take 
continuous operating temperatures up to 500°F. . . . remain tough 
and flexible in extreme cold. They have excellent endurance under 
severe conditions of impulsing and vibration. Handle live steam 

! without failure. Repel adhesion of sticky or viscous substances 

| . . . reduce possibility of contamination. Available with either 
permanent or reusable couplings. 
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HIGH PRESSURES 


Discover how hose lined with TFE-fluorocarbon resin can cut 
REG. U. S. PAT. OFF your maintenance and downtime losses. See your hose supplier 
| BETTER THINGS FOR BETTER LIVING or write to: E. I. du Pont de Nemours & Co. (Inc.), Room 2420, 
ce ceiina saglbuscarateigna Nemours Building, Wilmington 98, Delaware. 
In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 660, Montreal 


Teron is Du Pont’s registered trademark for its fluorocarbon resins, 
including the TFE (tetrafluoroethylene) resins discussed here, 











For more information, turn to Reader Service card, circle No. 361 


142 *« MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 









IN MATERTALS 


























Contents 





Aluminum investment castings with 


ee Bs 144 
Epoxy tooling now possible for medium 
EY Ss aaa os 5s cae aR ERK RSS CER OOO 145 


Solution heat treatment of magnesium 


is Rie Ss gees a eikG «eae 4 eek 8 147 
Two acrylic resins for reinforced plastics.......... 149 
How corrosion affects AISI 201, 202 steels......... 156 
Plastics sheet used in rockets, missiles............ 165 
a a. nig a 5 eid ene Ana eh ik 6 nile dope ata 166 
Method for fastening honeycomb structures........ 168 
Adhesive joins cured silicone rubber parts........ 174 
Ey Seca ccucscnwwerGbetscivereas 176 
Silicone varnish for Class H insulation........... 178 
Ceramic magnets aid d.c. motor operation.......... 178 


Noncritical iron alloy for 
Sa re nearer ee re 180 

Copper electroplates brighten in a hurry.......... 180 

Two silicone greases operate at 600 F............ 





MARCH, 1958 ¢ 143 











Complex aluminum parts like these can now be investment cast—with 
guaranteed mechanical properties. 





| Aluminum Investment Castings 
with Guaranteed Properties 


@ A new investment casting tech- 
nique is said to result in alumi- 
num castings with 54% higher 
tensile strength, 64% higher yield 
strength and 600% higher elonga- 
tion than are required by Aero- 


nautical Material Specifications. 
Moreover, these improved proper- 
ties are guaranteed. As a result, 
wider structural use of aluminum 
investment castings is predicted 
in aircraft applications. 

According to Arwood Precision 
Casting Corp., this is believed to 
be the first time aluminum invest- 
ment castings have been offered 
with guaranteed properties. The 
accompanying table compares 
AMS with Arwood’s guarantees. 
As shown, there are significant 
improvements. In addition, Ar- 
wood claims that as a result of the 
new casting technique (thus far 
the company declines to publish 
details), certain critical areas in 
castings can be provided with even 
higher guaranteed properties. 

Another significant aspect of 
this development is that many 
parts can now be cast which pre- 
viously could only be formed by 
forging or machining. According 
to William Sweeny, Arwood’s 
president, “‘Aluminum investment 
castings were previously limited 
mainly to fittings or ‘hardware’ 
applications. Added properties of 
strength and ductility, however, 
permit designers to use them as 
structural, load carrying parts, 
subject to shock and impact. And 
they can do it without any change 
in specs.” 


PROPERTIES OF ALUMINUM INVESTMENT CASTINGS 




















Guaranteed Critical Area 
Property # AMS* Minimum Guarantee 
ain —— Tensile Strength, 1000 psi................-. 24.8 34 38 
| Wax pattern is dipped in ceramic Yield Strength, 1000 psi.................... 16.5 25 27 
slurry in preliminary stages of in- Elongation, %............................. 0.7 3 2 








vestment casting process. aAeronautical Material Specification. 
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gm \ new family of heat resistant 
epoxy resins reinforced with metal 
and glass fibers has been developed 
by Bakelite Co. (a division of 

Union Carbide Corp.), 30 East 
42nd St., New York 17, for plas- 
tics tooling. Called Epoxy Alloys, 
the compositions are said to ex- 
tend the use of plastics tooling 
compounds from prototype and 
low production metal forming 
dies, used at present, to medium 
run metal forming dies. For in- 
stance, one such die has turned 
out more than 130,000 stampings 
of a 0.025-in. thick brass automo- 
tive radiator cover; another has 
formed more than 65,000 units for 
a refrigerator section. 

3akelite Co. engineers say, 
“Epoxy Alloy refers not only to a 
new metal fiber-reinforced plastics 
material, but also to a method for 
effectively using this material. In 
brief, an Epoxy Alloy tool or die 
is a mass casting made by a pres- 
sure process; the cast dies are 
then surfaced with an epoxy face 
coat reinforced with chopped 
metal fibers.” 

Three types 

To date, three types of Epoxy 
Alloy compositions have been de- 
veloped : 

ES — Epoxy resin reinforced 
with steel fibers; castings made 
from this composition are sur- 
faced with an epoxy steel-fiber- 





Epoxy Tooling Now Possible 
for Medium Run 


Production Dies 


flocked face coat. 

EG-SF—Epoxy resin reinforced 
with glass fibers; castings made 
from this composition are sur- 
faced with an epoxy steel-fiber- 
flocked face coat. 

EA—Epoxy resin reinforced 
with aluminum fibers; castings 
made from this composition are 
surfaced with an epoxy aluminum- 
fiber-flocked face coat. This com- 
position is designed for tooling 
applications other than metal 
forming dies that require high 
thermal conductivity such as low 
pressure, heated matched molds 
and green sand foundry patterns. 

Details on the properties, uses 
and fabrication of the new plas- 
tics tooling compounds were given 
by A. P. Mazzucchelli, of Bake- 
lite’s Development Laboratories, 
before the 13th Annual Confer- 
ence of the Reinforced Plastics 
Div., Society of the Plastics In- 
dustry, Inc., held during Febru- 
ary in Chicago. 

Properties 

One of the most important char- 
acteristics of the new compounds 
in tooling applications, Mr. Maz- 
zucchelli said, is their ability to 
be cast without sacrifice of tough- 
ness or other physical properties. 
A heat resistant epoxy resin sys- 
tem was chosen as the basis for 
these compositions because such a 
system, when reinforced with 


PROPERTIES OF EPOXY ALLOYS 

















Type » ES EG-SF EA 
PHYSICAL PROPERTIES 
Thermal Conductivity, Btu/hr/sq ft/°F /in.. 24.5 5 91.0 
Water Absorption (24 hr immersion), %.... 0.30 0.40 0.35 
Sie ie oi 5o hss sackaes 2.25 1.55 1.80 
Coef of Ther Exp, per °F.................. 43 x 10-6 — 55 x 10° 
Max Operating Temp, F................... 350 350 350 
MECHANICAL PROPERTIES 
120d Impact Strength, ft-Ib/in............. 1.2 ll 1.1 
Flexural Strength, psi.................... 13,500 22,500 11,000 
Flexural Modulus, 10-* psi................. 0.6 1.5 0.7 
Compressive Strength, psi................ 20,500 25,000 16,500 
Rockwell Hardness...................... M 82 M 107 M 69 
_Heat Distortion Temp, F.................. 




















65,000 refrigerator parts have been 
produced on this Epoxy Alloy die 
using 0.035-in. steel sheets. 


metal or glass fibers, was found 
to reduce greatly the problems of 
wear, galling, erosion and creep 
often encountered in plastics dies 
cast from room-temperature-cur- 
ing epoxies. A heat resistant 
epoxy also provides a tool and die 
material with improved high tem- 
perature resistance and longer pot 
life than a room-temperature- 
curing epoxy. 

According to Mazzucchelli, the 
use of metal fibers as a reinforcing 
material reduces the problems of 
shrinkage and brittleness experi- 
enced with most heat resistant 
epoxies. Metal fiber reinforcement 
also extends the maximum con- 
tinuous operating temperatures of 
heat resistant epoxies to at least 
350 F. (For information on metal 
fibers, see MATERIALS & METHODS, 
Nov ’55, p 96.) 

Metal fibers flocked on the sur- 
face of an epoxy casting are said 
to impart good abrasion resistance 
to the surface of a metal forming 
die, eliminate resin drainage, and 
provide a uniform coating with 
high strength. 

Other characteristics of Epoxy 
Alloy dies, as outlined by Mazzuc- 
chelli: 

1. They have high heat resist- 
ance and good thermal shock re- 
sistance. 

2. Dies of the ES type (steel 
fiber reinforcement) can be made 
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Ameri 1can Machine and Metals, Inc. il 


These universal testing machines 


FACILITATE ALL MODERN RESEARC 


AND CONTROL 
PRACTICES 


l 















Today’s stringent testing requirements and 
demanding test schedules call for a uni- 
versal testing machine with both the high 
sensitivity and rapid response of a Riehle. 
In addition, progress in modern practices 
of research and production control demand 


the broad flexibility that a Riehle provides. 


For example, equipment and instruments eae f 
now available bring programmed tests for 
both creep and relaxation and under vac- 
uum furnace conditions into the scope of 


this machine’s functions. 


Hydraulic and screw power testing ma- 
chines are available in capacities from 
2,000 lbs. to 450,000 lbs. as standard. 
Riehle welcomes special application prob- 


lems for testing equipment. 


OTHER RIEHLE TESTING MACHINES: Creep 
and Stress-Rupture Testing Machines, Hydraulic 
Fatigue Testing Machines, Construction Materials, 
Impact, Brinell, Torsion, Horizontal Chain, Rope 
and Cable Testers, Portable Hardness Testers for 
Rockwell Readings, Etc. 


























RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Rj | e h le Dept. MD-358 East Moline, Illinois — 
eAVEL LC MACHINES Please send your latest illustrated bulletin on 


[) Riehle Hydraulic Universal Testing Machines 
[) Riehle Screw Power Universal Testing Machines 








ADDRESS 





city 












































magnetic for easy handling. 

3. They can be repaired easily 
by plug techniques. 

4. They can be machined easily. 


Uses 

Based on actual production runs, 
Epoxy Alloy compounds should 
find use for the following tooling 
applications: prototype or develop- 
ment draw dies; low production 
draw dies; flanging, trimming, re- 
strike and secondary operation 
dies; medium production draw 
dies; Hydroform and rubber pad 
forming dies; medium-high pro- 


duction draw dics; stretch dies; 
and fixtures and gages. 
Fabrication 

A casting pressure of 200 to 
300 psi is recommended for steel 
fiber-reinforced compositions (ES) 
and 50 to 100 psi for glass fiber- 
reinforced compositions (EG-SF). 
Fiber content is about 55 to 60% 
by weight for steel, 45 to 50% 
for aluminum, and 50% for glass, 





Better mechanical properties from ... 


Solution Heat Treatment of Magnesium Forgings 


® According to Dow Chemical Co., 
it is now possible to solution heat 
treat, quench and age ZK60A 
forgings to the -T6 condition, 
thereby improving yield strength, 
tensile strength and creep resist- 
ance. 

Because of their extreme light 
weight, magnesium forgings have 
long been considered for use in 
airborne equipment and ° struc- 
tures, especially where design re- 
quirements call for good stiffness- 
weight ratio and/or fatigue 


strength. However, up until very 
recently, the usefulness of mag- 
nesium forgings had been severely 
limited: because mechanical prop- 
erties depend upon the amount of 
working during the forging oper- 
ation, complex forgings with var- 
ied section thicknesses, and large 
forgings in which cast stock is 
used, required considerably more 
work than was practicable. These 
restrictions are said to have been 
eliminated by Dow’s new proce- 
dure. 


Properties 

The accompanying table com- 
pares mechanical properties of 
ZK60A alloy in the conventional 
—-T5 temper, the —F temper and 
the new T6 temper. As shown, 
the most significant increase is in 
yield strength and in the ratio of 
yield to ultimate strength. Short 
time elevated temperature strength 
and creep strength have also been 
improved: ZK60A-T6 forgings are 
said to have the same properties 
at 400 F as the conventional 








27.4 lb. 


Wyman-Gordon Co. 
Main wheel for Grumman F11F fighter weighs only 


Two magnesium forgings 





Large rotor hub plates for helicopters (standing) weigh 
only 24.5 lb. 





< For more information, circle No. 497 
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NEW WAY TO UPGRADE YOUR 





Vinyl coatings on tool handles are 
tough, wear-resistant, easy-on- 
the-hands, electrically safe. Can 
be applied in thicknesses up to 
1/16” (60 mils) in one dip. 














PRODUCTS: VINYL COATINGS 





For weather-resistant, 
colorful handrails and 
coded control handles... 



















For making nonslip 
ladders, “silent” 
cutlery drawers... 











For bumpers, seats, wheels on metal toys... 


Leather-like coatings for metal 


You'll see a host of profitable ways 
to use vinyl coatings when you try 
their pleasant “feel” and test their 
tremendous durability. Vinyl coat- 
ings feel like leather, wear like 
flooring. They insulate, control cor- 
rosion. Are virtually immune to 
ordinary chemical attack. 


You can apply these resilient coat- 
ings to your products in a range of 
thicknesses simply by dipping them 
in a vinyl dispersion. A short heat- 
cure at moderate temperatures 


“sets” the elastomer and perma- 
nently bonds it to the metal. 

Vinyl coatings can eliminate some 
steps in finishing operation, actually 
reduce total costs. Coatings can range 
from soft and rubbery to ‘‘tire-cas- 
ing” hard—in any color you choose. 


Write for sources of vinyl! in liquid 
form for coating glass, metal, or 
wood. Get a head start on investigat- 
ing the many new, market-building 
ways you can use viny! dispersions. 
Write today! 


Crganic Chemicals Division 
MONSANTO CHEMICAL COMPANY 
Dept. SP-4, St. Louis 24, Missouri 


Monsanto manufactures a wide 
variety of plasticizers and Opalon® 
resins for formulators of these 
high-quality vinyl dispersions. 


Monsanto 





® 
Where Creative Chemistry Works Wonders for You 


For more information, turn to Reader Service card, circle No. 391 
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ZK60A-T5 forgings have at 300 F. 
In addition, the new forgings are 
said to be usable at temperatures 
as high as 900 F. Improvement 
in compressive yield strength is 
prevented by an increase in grain 
size resulting from exposure to 
the solution heat treatment. 

The solution heat treatment as 





outlined by Dow consists of a 2-hr 
treatment at 930 F followed by a 
hot water quench and subsequent 
aging at 300 F for 24 hr. A pro- 


tective atmosphere is recom- 
mended. According to Dow, lim- 
ited testing indicates negligible 


distortion during treatment. 
Uses 

Potential include 
aircraft wheels (see photo), brake 
housings, fuel meter bodies, spe- 
cial forgings for helicopters (see 
photo), and certain missile struc- 
tures such as internal stiffening, 
fins, bulkheads and others. 


applications 


MECHANICAL PROFERTIES OF 
FORGED ZK60A ALLOY 








| | Large 
Property } Large | Small | Heli- 
Wheel | Wheel | copter 
Part 
—F Temper 
Vid Str, 1000 psi.) 28 | 33 | 27 
Ten Str, 1000psi.| 43 | 46 43 
Compr Yld Str, | 
1000 psi...... 21 | 27 21 
—T5 Temper 


Yid Str, 1000 psi.| 29 35 31 
Ten Str, 1000 psi.} 44 4] 45 
Compr Yid Str, | 
1000 psi...... 23 | «26 23 
—T6 Temper 
Yid Str, 1000 psi.} 40 46 40 
Ten Str, 1000 psi.| 48 53 49 
Compr Yid Str, 
1000 psi... ... ma _ 26 

















Improved weather resistance offered by .. . 


Two Acrylic Resins for Reinforced Plastics 


by M. S. Ziegler, W. H. Calkins and W. M. Edwards 


@ In order to improve reinforced 
plastics for outdoor uses, E. I. du 
Pont de Nemours & Co., Wilming- 
ton, Del., has developed what is 
claimed to be the “first all-acrylic 
laminating resins,” designed for 
high and low pressure fabrication, 
respectively. Previously, small 
amounts of acrylic were combined 
with other resins. The new resins, 
designated Lucite 201X and 202X, 
are now commercially available. 
Ever since acrylic resins were 


first introduced in the early 1930’s, 
they have earned a reputation for 
being the most weather resistant 
of all known plastics with the pos- 
sible exception of the fluorocar- 
bons. Acrylic resins have good 
optical and mechanical properties, 
have low water absorption, do not 
absorb ultraviolet radiation, and 
have good resistance to weak acids 
and alkalis. Because of these and 
other properties, acrylics are 
often used in _ fiber-reinforced 


structures that are exposed to out- 
door weathering. 

Du Pont engineers are currenily 
field testing glass-reinforced lami- 
nates made of Lucite 201X and 
202X acrylic resins to see how 
well they perform in outdoor ap- 
plications. The findings are sum- 
marized below. 

Weather resistance 

Most reinforced plastics are 

damaged during outdoor exposure 





How weathering affects acrylic laminates 
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Yellowness Index = 10Q(T640-T450 








| 7560 
0 1 i 
0 500 





1500 
Exposure,hr 


2500 


Color stability 


Vlie TCSip 
pee 
80 s LUC/tp 202 4, — 
Gp, 

a >. 
he 

| «Reinforcement: 25% glass mat 

Pk) RY CONE 


























0 500 1500 2500 


Exposure, hr 


Gloss retention 





149 


MARCH, 1958 ° 

















PMG BGS wee aia 











Send 
blueprint 
or samples 
for 
estimate 


WIRE 
FORMS 


METAL 
STAMPINGS 


‘We'll prove that our high 
speed production means 
lower unit costs for you! 





You'll save two ways — (1) the ini- 
tial low unit cost made possible by 
high speed machines; (2) precision 
and quality control guarantees accu- 
rate parts and performance. 


STRAIGHTENING AND CUTTING 
Perfect straight lengths to 12 feet. 
.0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 


SMALL METAL STAMPINGS 

.0025 to .035 thickness. 

.062 to 3 inches wide. 
Specializing in production of parts 
for electronic, cathode ray tubes and 

transistors. 
Write for illustrated folder. 
ART WIRE AND STAMPING 
COMPANY 


13 Boyden Place, Newark, N. J. 
For more information, circle No. 399 














impart excellent 


resins 
weather resistance to the reinforced 
plastics parts shown above. 


Acrylic 


by oxidation, photochemical action 
caused by radiation, hydrolysis, 
moisture absorption, erosion, abra- 
sion and impact. Acrylic (me- 
thacrylate) resins seem to resist 
these forces because they are free 
of benzene rings and chlorine. To 
determine how well acrylic resins 
perform upon exposure to outdoor 
weathering, laminates of Lucite 
201X and 202X acrylic resins re- 
inforced with glass fibers were 
exposed to weathering in Florida, 
Arizona, Michigan and Delaware. 
To speed up the studies, samples 
of the reinforced acrylic resins 
were exposed in an Atlas Weather- 
O-Meter. Although only limited 
outdoor exposure results are avail- 
able at present, specimens exposed 
in Florida for one year show about 
the same type of damage as speci- 
mens exposed in the Weather-O- 
Meter for 600 to 800 hr. Glass 
fiber-reinforced epoxy and poly- 
ester laminates were tested along 
with the acrylic laminates for 
purposes of comparison. 

Damage to the reinforced plas- 
tics panels was determined by 
observing any changes in gloss, 
color and mechanical properties; 
in addition, surfaces were exam- 
ined visually for degradation, 
stress cracking, wicking and 
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blooming. Photomicrographs were 
made to record the condition of 
the surfaces of the laminates. 
Results of the Weather-O-Meter 
tests are summarized below: 

Mechanical properties of lami- 
nates of Lucite 201X and 202x 
acrylic resins did not change 
significantly after 3000 hr of ac- 
celerated weathering. 

Color stability of acrylic lami- 
nates is much greater than that of 
epoxy and polyester laminates 
after accelerated exposure. Tests 
indicate that the change of yellow- 
ness of acrylic laminates is about 
half that of a variety of epoxy 
and polyester laminates at equal 
exposures. 

Gloss retention studies show 
that acrylic laminates retain about 
75% of their original gloss after 
2500 hr of accelerated exposure; 
epoxy and polyester laminates 
generally retain only 40% of their 
original gloss, 

Light transmission of acrylic, 
epoxy and polyester laminates 
drops during exposure because of 
wicking and degradation of the 
surface. Although epoxy and poly- 
ester laminates have higher initial 
light transmission, they suffer a 
greater light transmission loss 
during exposure than acrylic lami- 
nates. 

Weathered epoxy and polyester 
laminates soon revealed unpro- 
tected glass fibers on the surface; 
badly weathered samples actually 


PROPERTIES OF 
REINFORCED LUCITE 201X 





ORIGINAL PHYSICAL PROPERTIES 


Tensile Strength, psi................. 12,000 
Ey ree 1.5 
Compressive Strength, psi............ 25,000 
Flexural Strength, psi................ 40,000 
Flexural Modulus, psi.............. 1,500,000 
1zod Impact Strength, ft-Ib/in............. 14 
Rockwell Hardness................... R 123 
PROPERTIES AFTER WEATHERING® 
Flexural Strength, psi................ 38,000 
F’exural Modulus, psi.............. 1,500,000 
1zod Impact Strength, ft-Ib/in............. 13 
Rockwell Hardness.................... R 122 





aAged 2500 hr in Weather-O-Meter. 
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TURCO PRODUCTS, INC. 
6135 SOUTH CENTRAL AVE., LOS ANGELES 1, CALIF, 


REE BOOKLET 


Please send me your free phosphating booklet and 
ready reference chart. 


NAME 
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FIRM 





BETTER PAINT 
ADHESION 


ADDRESS 








If other booklets described below are also desired, 










































please enter numbers corresponding to booklets 
re wanted 
ms MDE 
i- 
of 
PS 
ts Complete PHOSPHATING Reference 
‘ Chart includes: 
cy ® Description of phosphating 
al ® Diagram of how phosphating holds paint to metal 
a ® Illustrations of what phosphating can do 
ut ® Types of coatings available 
er ® Recommended uses 
e; ® Applicable Government Specifications 
es ® Methods of application and equipment requirements 
‘ir ® Metals to be used on 
e © Coating weights 
co ® Detailed operation cycles 
of 
he 
y- 
al Here...in the free Turcoat phosphating booklet... _ of the country to give immediate ‘round-the-clock 
a is the best solution to any paint adhesion problem. service. No wonder Turco is adding new phos- 
<a This new booklet describes the complete line of | phating accounts at a phenomenal rate. There are 
- Turcoat materials—the coating compounds that many reasons why, when it comes to paint adhe- 
a assure permanent paint adhesion, slash rejects, | sion, more and more industrial concerns are turn- 
2 require less complicated controls and are more __ ing to the Turcoat line. The Turcoat booklet lists 
* economical to buy and use. them all. 
lly Only Turco offers a truly full line of government |§ BOOKLETS ALSO AVAILABLE ON: 
approved coating materials for use in any conceiv- 1, Titanium Descaling 5. Dye Penetrant Inspections 
able processing set-up prior to the use of organic 2. Stainless Steel Descaling 6. Alkaline Rust Removing 
fies finishes. Only Turco offers a staff of 160 tech- 3: Magnesium Finishing 7. Spray Washing 
nically trained representatives located in all parts 4: Hot Tank Cleaning oo Reneras inate Werntag 
000 Compounds 
15 
000 
“ For Cleaning or Metal Conditioning Probiems...Turn to Turco First! 
14 
1 Ty» Tir & TURCO PRODUCTS, INC. 
Hotor Cold immersion Spray Washing Steom Cleaning Chemical Processing Compounds 
13 Ce fi. aa 6135 SOUTH CENTRAL AVE., LOS ANGELES 1, CALIF. 
122 Factories: Newark, Chicago, Houston, Los Angeles, London, 
— . Rotterdam, Sydney, Mexico City, Naha (Okinawa) 
. Manufactured in Canada by B. W. Deane & Co., Montreal 
Solvent Spray Flaw Location Paint Removing Offices in all Principal Cities 





For more information, turn to Reader Service card, circle No. 477 
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PRODUCTION MORE THAN TRIPLED... 
PAINT MILEAGE INCREASED /5% witH 


inslury 


NO. 2 
PROCESS 












One Ransburg reciprocating disk 
uniformly coats 7 complete sets of 
gasoline pump housings and parts 
per gallon of paint. Former hand 
spray produced only 4 sets per gallon. 


@ Bowser, Inc. Fort Wayne Division is continuously 
on the lookout for improved manufacturing 
methods in the production of their quality line of 
gasoline pumps. 

That's why they modernized their finishing de- 
partment... installed a conveyor...new oven... 
and replaced hand spray with one RANSBURG 
No. 2 PROCESS reciprocating disk unit. 

RESULTS? Paint mileage increased 75% with 
less labor. With hand spray, they painted enough 
pump housings and parts for 4 pumps per gallon 
of paint. Now, with Electrostatic, they're painting 
7 complete pump sets per gallon. 

Where Bowser formerly needed two shifts in 
finishing, one shift now handles even greater pro- 
duction. With hand spray and limited oven facili- 
ties, they used to turn out 15 sets per hour. Now, 
they can paint 55 sets an hour, either prime or 
finish. Color changes are made quickly and easily 
with Ransburg equipment, and because of its 
efficiency in operation, maintenance cost in the 
paint area is cut 50%. 


NO REASON WHY YOU CAN'T DO IT, TOO! 


Whatever your product, if it’s painted, we'd like 
to tell you more about the worthwhile savings and 
advantages which can be yours with RANSBURG 


ELECTROSTATIC PAINTING PROCESSES. Write - 


for our No. 2 Process brochure which cites numer- 
ous examples of electrostatic spray painting on a 
wide variety of products. 


Gndliig sc10-cOKING CORP. SS 
Seca aaee 
Indianapolis 7, Indiana 
For more information, turn to Reader Service card, circle No. 380 
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appeared fuzzy. Acrylic laminates 
show some increase in fiber visj- 
bility (called “blooming’’), but on 
the whole their surfaces remain 
smooth. Surfacing mat was found 
to eliminate most of the blooming 
that occurred in weathered acrylic 
laminates. 

In addition to Weather-O-Meter 
tests, other forms of accelerated 
tests have been performed on lami- 
nates of Lucite 201X and 202X; 
they have been subjected to boil- 
ing water, to ultraviolet and 
fluorescent light, and to high tem- 
peratures. In each of these tests, 
the acrylic laminates performed 
as well as or better than compar- 
able commercial materials. 

With reinforced systems, such 
variables as type and amount of 
glass, glass binder and_ finish, 
fabrication technique, and de- 
gree of cure are factors critic- 
ally affecting weather resistance. 
Matched metal moldings seem to 
be somewhat better in gloss re- 
tention than contact laminates or 
those made in a press by the gas- 
ket method. Differences in weather 
resistance among acrylic laminates 
prepared by various fabricating 
techniques seem to be due primar- 
ily to differing degrees of cure 
and differing quantities of resin 
covering the surface fibers. Ben- 
zoyl peroxide without an acceler- 
ator seems to be the best curing 
system for laminates of Lucite 
201X and 202X acrylic resins re- 
inforced with glass fibers. 

Other properties 

Physical, mechanical, electrical 
and thermal properties of lami- 
nates of Lucite 201X and 202X 
are equivalent to or better than 
those of general purpose lami- 
nating resins when compared at 
equivalent glass loadings. Heat 
distortion temperature and modu- 
lus vs temperature measurements 
reveal that acrylic laminates main- 
tain their physical properties 
well above 212 F. Izod impact and 
falling ball tests show that acrylic 
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SPECIAL REPORTS ON FINISHING 


NON-FERROUS METALS 


NUMBER I11—Lustrous, Corrosion-Resistant Finishing with 


Chemical Polishing Iridite 


r 


WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversing 5 Ralohdel 
They are generally applied by dip, some by brush or spray, at or near room tempera 








with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002’’ max.) gel-like, complex chromate film of 
@ non-porous nature on the surface of the metal. This film is an integral part of the ) 
metal itself, thus cannot flake, chip or peel. No redishinte eRe _— systems aay 
specially trained personnel are required. — 


Chromate conversion coatings are wide- 
ly accepted throughout industry as an 
economical means of providing corrosion 
protection, a good base for paint and de- 
corative finishes for non-ferrous metals. 
Certain of these coatings also possess 
chemical polishing abilities that have lus- 
ter-producing, as well as corrosion-inhib- 
iting, effects on zinc and cadmium plate, 
zine die castings and copper alloys. How- 
ever, continued developments in this field 
have been so rapid that many manufac- 
turers may not be completely aware of the 
breadth of application of this type of fin- 
ish. Hence, this discussion of the many 
ways in which this chemical polishing 
characteristic can be used in final finishing 
or pre-plating treatments to produce a 
lustrous appearance with distinct display 
and sales appeal and appreciable savings 
in cost. Report I on decorative, corrosion- 
resistant finishes and Report II on paint 
base corrosion-resistant finishes are avail- 
able on request. 


> 


The degree of luster possible on a sur- 
face is a function of the degree to which 
the surface can be smoothed. Leveling to 
provide a smooth surface can be achieved 
by mechanical or chemical means, or a 
combination of these, depending upon the 
luster desired and the original condition of 
the metal. Chemical polishing effectively 
imparts luster otherwise difficult and cost- 
ly to obtain. For this reason, it is often 
used to supplement or entirely replace 
mechanical polishing, depending upon the 
application and the original condition of 
the metal. Chemical polishing has the 
additional advantage of providing overall 
treatment of the submerged part. It 
reaches into even the deepest corners and 
recesses that are otherwise inaccessible. 
Certain of the Iridites are specifically de- 
signed to perform this chemical polishing 
operation. Also, they provide corrosion 
Protection as do all Iridites, thus may be 
used as a final finish or a pre-plating polish. 


If Iridite is to be used as a final finish, in 
contrast to pre-plating treatment, the 
chromate conversion coating generated is 
allowed to remain, providing good corro- 
sion resistance. Color inherent in these 
Iridite films ranges from a yellow cast to 
yellow iridescent. These coatings may be 
used without further treatment where this 
color is acceptable and good corrosion re- 
sistance is desired. Further, these basic 
coatings can be tinted by dyeing. Among 
the dye tints available are shades of red, 
yellow, blue and green. If desirable, the 
basic coatings can also be modified by a 
bleach dip leaving a clear bright or blue 
iridescent finish. In all cases bleaching 
reduces corrosion resistance. 


As examples of this type of final finish- 
ing, Iridites #4-73 and #4-75 (Cast-Zinc- 
Brite) make possible for the first time, 
lustrous chemical polishing of the as-cast 
surface of zinc die castings. Thus, in 
many cases, sizeable savings in finishing 
cost are realized by elimination of plating 
costs. This economical method can be 
used on tools, appliance parts, toy pistols, 
locks and many other small castings. 
Another example is the treatment of cop- 
per and brass parts, such as welding tips, 
to eliminate buffing and provide addition- 
al corrosion resistance. In many cases, 
handling costs are reduced appreciably by 
replacing piece-part handling with bulk 
processing. Still another example of the 
use of this chemical polishing and protect- 
ive quality of Iridite is a simple system of 
zinc plate, Iridite and clear lacquer instead 
of more costly electroplated finishes. Typ- 
ical of this type of lustrous finish are 
builders hardware and wire goods. 


As a pre-plating treatment, in contrast 
to final finishes, Iridite can be used to 
chemically polish zinc die castings or cop- 
per prior to plating. In such cases, Iridite 
should be applied as an in-process step, so 
that the protective film is removed before 
the plating cycle. The savings in hand- 


( Adv.) 
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ling, material and labor costs are obvious. 
This process has made it practical to plate 
chrome directly over copper on steel, con- 
serving nickel, yet producing a lustrous 
chrome finish. Used after stripping faul- 
ty plate in reprocessing zinc die castings, 
Iridite restores luster to the casting, 
thus making possible replating without 
blistering. 


Other Iridite finishes are available to 
produce maximum corrosion resistance, 
a wide variety of decorative finishes and 
excellent bases for paint on all commercial 
forms of the more commonly used non-fer- 
rous metals. As a final finish, appearance 
ranges from clear bright to olive drab and 
brown and many films can be bleached or 
dyed. As a paint base Iridite provides 
excellent initial and retentive paint adhe- 
sion and a self-healing property which pro- 
tects bare metal if exposed by scratching. 
Iridites have low electrical resistence. 
Some can be soldered and welded. The 
Iridite film itself does not affect the dimen- 
sional stability of close tolerance parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica- 
tions because of their top performance, 
low cost and savings of materials and 
equipment. — 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product de- 
mands the services of a specialist. That’s 
why Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most effi- 
cient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under “Plating Suppliés”’ 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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laminates have exceptional resist 
ance to damage by impact. 

Generally speaking, acrylic 
laminates made of Lucite 201x 
and 202X have good resistance to 
organic acids, alcohols, aliphatic 
hydrocarbons and mild bleaching 
agents. The resins are attacked 
by esters, ketones, aromatic hydro. 
carbons and some _ chlorinated 
hydrocarbons. 

The light transmittance of un- 
pigmented acrylic laminates 1/16 
in. thick and containing 25% 
glass is about 65%. This trans- 
mittance is nearly all diffused, 
giving excellent image hiding 
power and eliminating glare. In- 
dividual fibers are comparatively 
visible in acrylic laminates be- 
cause of the large differences in 
the refractive indices of the resin 
and the glass fibers. 

Other properties of Lucite 201X 
and 202X acrylic resins: 

1. Lucite 201X and 202X resins 
have a smaller decrease in viscos- 
ity with increased temperature 
than polyester resins. 

2. Both resins wet fabrics and 
mats without difficulty. 

3. Both resins have a long shelf 
life; in one test a drum of the 
resin showed negligible change in 
viscosity and color during outdoor 
storage for one year. 

4. Shear strength measurements 
show that the strength of the 
bond between glass fiber and resin 


CHEMICAL RESISTANCE OF 
ACRYLIC LAMINATES* 
(Weight Change, 7) 


Acetone (100%) 

Acetic Acid (5%) 

Ammonium Hydroxide (10%) 
Carbon Tetrachloride (100%) 
Distilled Water (100%) 

Ethyl Alcohol (100%) 
Ethylene Dichloride (100%) 
Hydrogen Peroxide (3%) 
Nitric Acid (10%) 

Sodium Chloride (10%) 
Sodium Hydroxide (10%) 
Sulfuric Acid (3%) 

Sulfuric Acid (30%) 

Toluene (100%). .............e0eeeeee 13 


aAged 7 days at room temperature. 








Ss 










Orders for DRIVER-HARRIS Nickel and 


Nickel Alloy Wire FILLED IN 24 HOURS 


If we receive your order in the morning, it will be shipped 
out before evening . . . this is the new service policy of Driver- 
Harris in the manufacture and distribution of 18 most fre- 
quently purchased Nickel and Nickel Alloys in wire form. 
In addition to this new waréhouse stocking program, is the 
improved delivery schedule for Monel, Grade “A” Nickel, 
Inconel, R Monel and some Stainless Steels with lead time 
reduced to only 7 days in certain cases. The following list 
covers immediate availabilities. For complete detailed current 
listing showing all sizes and specifications, contact the nearest 
Driver-Harris branch — or call HUmboldt 3-4800 (New 
Jersey), REctor 2-9579, 80, 81, 82 (New York City). 


IN STOCK READY FOR DELIVERY 


eee eee 25 wire sizes from 0021 to .091 
GRADE “A” NICKEL .............. 12 wire sizes from .0025 to .091 
GRADE “D” NICKEL .............. 9 wire sizes from .005 to .015 

ih alae a NCEE 3 wire sizes from .0253 to .050 


Driver-Harris Com pany 


HARRISON, NEW JERSEY «© BRANCHES: Chicago, Detroit, Cleveland, Louisvitie 
Distributor; ANGUS CAMPBELL, INC., Los Angeles, San Francisco »* in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


For more information, turn to Reader Service card, circle No. 484 


STAINLESS STEEL 


| Ee 24 wire sizes from .0016 to .164 

BE BE icrsincecséboustnckouovaeh 6 wire sizes from .007 to .0135 

(ES SA 25 wire sizes from .0063 to .144 
FOP co cicicccovenees 65 wire sizes from .0007 to .289 
Res, 62 wire sizes from .00045 to .289 
_ RRP Cee 35 wire sizes from .0031 to .258 
ES EERE Sapte 4 36 wire sizes from .0005 to .036 
Eee ..49 wire sizes from .0008 to .258 
Tae 37 wire sizes from .001 to .1285 
Nn sssanes 29 wire sizes from .001 to .182 
Sen eS 28 wire sizes from .00175 to .182 
PIT ae. Ssalcacetvh techs nssuatens 28 wire sizes from .0015 to .182 


LEAD TIME FOR MANUFACTURING WIRE & RIBBON 


As low as 10 days for 


COLD DRAWN MONEL. wire sizes from .001 to .1875 


GRADE “A” NICKEL a... wire sizes from .001 to .1875 
COLD DRAWN INCONEL. wire sizes from .001 to .1875 
LA RT TIS wire sizes from .0285 to .204 


As low as 7 days for 


STAINLESS STEEL wire and ribbon 
Types: T-302, T-304, T-305, T-316, T-430, T-446 
$a: WOE U.0. Pat. ovr 
INTERNATIONAL NICKEL 
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WorRtLb Bé€sTos 


BRAKE LININ 


; ...any Shape...any size... any friction 
~ to meet your most exacting requirements! 

















(a) i > as for 
Race Cars 


INTRICATE 


as for Industrial 
Brakes | 





as for giaht.<. 
Forming 


Presses 
} 


_ 
“ 


@ World Bestos is currently helping many manufacturers solve 
difficult braking problems with special friction formulas that assure 
dependable stopping power, non-fading performance and extra 
long life. 

World Bestos offers extensive research and development facilities 
and more than 30 years’ specialization in friction material manu- 
facture. Modern, high-capacity plant assures on-schedule delivery. 





® Write for new Industrial Brake Folder . . . or let us know your specific require- 
ments. Send prints and specifications if possible. Engineering assistance available. 


WORLD BESTOS *:::: 





DIVISION OF THE 


Firestone 


TIRE AND RUBBER CO. 


Industrial and Automotive Brake Blocks and 
Linings - Transmission Linings + Special Clutch 
Facings + Vibration Controls - Sheet Packing 





For more information, turn to Reader Service card, circle No. 377 
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is about the same as for convep- 
tional general purpose laminating 
resins. 

5. Molding cycles, pressures and 
temperatures are about the same 
as those used for general purpose 
laminating resins. 

Dacron reinforcement 

In addition to glass fibers the 
resins may be reinforced with 
Orlon and Dacron fibers. Orlon- 
and Dacron-reinforced acrylic res- 
ins can be heated to their soften- 
ing point and postformed at low 
pressures to deeply drawn shapes. 
(For more information on Orlon- 
and Dacron-reinforced acrylics, 
see MATERIALS IN DESIGN ENGI- 
NEERING, Nov ’57, p 210). 





Based on a paper presented at the 13th con- 
ference of the Reinforced Plastics Div. of 
the Society of the Plastics Industry, Inc., 
held Feb 4-6 in Chicago. The authors are 
associated with E. I. du Pont de Nemours & 
Co., Ine. 


How Corrosion Affects 
AISI 201, 202 Steels 


The corrosion resistance of man- 
ganese-containing stainless steels 
is almost as good as that of nickel- 
containing stainless steels. Be- 
cause nickel is often in_ short 
supply it has become necessary 
to develop manganese stainless 
steels that can be substituted for 
nickel stainless steels in time of 
emergency; outstanding among 
the manganese-containing stain- 
less steels are AISI 201 and 202. 

Recently, Robert D. Merrick, 
supervisor, Corrosion Engineering 
Section, Esso Research & Engi- 
neering Co., and C. L. Mantell, 
chairman, Dept. of Chemical En- 
gineering, Newark College of En- 
gineering, conducted a survey of 
published articles dating back to 
1920 to find information on the 
corrosion resistance of chromium- 
manganese austenitic stainless 
steels. 

The authors divide their study 
into two sections: the first shows 
the effect of substituting man- 
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Excellent Formability of Magnesium 


Inspires Simplified Designs 


Deep drawn components, for example, replace multipart assemblies 


\ forming magnesium alloys, there’s 
| ften more than one way to do the 
job. Matter of fact, the excellent shop 
characteristics of this remarkable metal 
permit it to be formed by almost every 
forming method known. The use of 
magnesium makes it possible to sim- 
plify complex designs that otherwise 
would require several separate parts 
and numerous production operations. 
Its high strength-to-weight ratio per- 
mits a choice of lighter design without 
loss of strength, or stronger design 
without weight penalty. Magnesium’s 
hexagonal crystalline structure means 
excellent workability at elevated tem- 
peratures which offers the following 
advantages: 


1. Deeper single draws than with other 
metals. 


bo 


Reduced tooling costs. 
3. Minimized springback. 
4. Less wrinkling. 


5. Better tolerance control by tempera- 
ture adjustment. 


These considerations, added to the 
fact that magnesium is the metal that’s 
easiest to machine and fabricate, mean 
substantial cost savings in design and 
production. 


Here are a few of the forming methods 
that yield these advantages: 


DEEP DRAWING AND PRESSING. Magnesium 
parts are made by both deep and shal- 
low drawing or pressing. Magnesium 
sheet alloys in the annealed condition 
may be cold drawn with a reduction 
of 15 to 25 per cent. Hot drawing, how- 
ever, increases the reduction up to 
almost 70 per cent. Deeper single stage 
draws can be made in magnesium 
(when heated) than in other metals. 








: s ee? 2. 3 ‘ 
LARGE DEEP DRAWN PARTS can be made in 
a single step with magnesium alloys. 


STRETCH FORMING. This highly flexible 
method is used in shaping large area 
magnesium sheets. Jaws hold opposite 
edges in tension while a male block or 
punch stretches the metal beyond its 
elastic range. Stretching the entire 
work piece insures uniform pressure 
at all points of contact during forming. 
This results in even distribution of 





STRETCH FORMING with magnesium alloys 
provides uniform properties on large sections. 





work hardening and the elimination of 
localized strains. Changes in cross sec- 
tional dimensions are more uniform 
than with other forming methods. Hot 
stretch forming results in a minimum 
of springback. 


RUBBER FORMING. For relatively small 
quantities of shallow parts, this process 
can be put to good use. Both hot and 
cold forming can be done. Dies cost 
much less than for other methods and 
design changes are easy and inexpen- 
sive to make. The principle of rubber 
forming is simple. A pad of rubber 
powered by a ram forces the work 
blank to assume the contour of a die 
directly below it. 


DROP HAMMER FORMING. This method 
is often used for asymmetrical shapes 
with shallow draws, or cases where 
special springback control is required. 
Drop hammer forming is not a pre- 
cision method, hence close tolerances 
are not possible. 


SPINNING. When a number of small 
parts are needed, spinning is often the 
most economical way to accomplish 
the job. However, as many as five 
thousand parts can sometimes be spun 
for less cost than when made by press 
forming. Spinning involves no dies, 
and the cost of chucks and spinning 
tools is relatively inexpensive. 


EXTRUSION FORMABILITY. Production 
bending of extrusions is done on stand- 
ard rolls, in mating dies, in stretch 
forming machines, or other specialized 
bending equipment. If the forming is 
severe, extrusions are formed hot. The 
bending of complex extrusions requires 
that bend radii be established for a 
given shape by the shop for its par- 
ticular application. 








FORMING MAGNESIUM, a 130-page handbook, covers all methods of 
forming discussed above, plus blanking and cutting, bending, dimpling, 
forging, hand forming, selection of alloys and assembly protection. In- 
cludes numerous tables on properties at temperatures, dimensions, etc. For 
your copy contact a Dow sales office or write THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Dept. MA 1452J. 


YOU CAN DEPEND ON 
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DUCTILITY 


A CASE IN POINT-—This ninety-six pound casting was made for the 
National Cash Register Co. of Nodulite®, Hamilton Foundry’s ductile iron. 
The casting forms the base for the new Post-Tronic Accounting Machine. 
It measures 37142” by 232” with sections varying from 4%” to 14%”. Ductile 
iron was chosen for this part because of its ductility, dimensional stability, 
rigidity, and machinability. 

Ductile iron has. most of the engineering advantages of steel yet it can 
be designed with the same flexibility and cast with the same procedures 
used for gray iron. It has high strength: up to 120,000 psi minimum ten- 
sile strength in standard grades. It is tough: Charpy impact strengths up 
to 115 ft.-Ibs. in standard grades. It is ductile: elongation is possible up to 
25% after short time annealing. And it is wear resistant: spheroidal graphite 
particles provide for self-lubrication. Hamilton Foundry regularly casts 
60-45-10, 80-60-03, 100-70-03, and 120-90-02 grades of ductile iron 
as well as high alloy Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that. spécifications—and delivery schedules 
—will be met. ne 


GRAY IRON * ALLOYED IRON « MEEHANITE @ ° DUCTILE (NODULAR) IRON © NI-RESIST * DUCTILE NI-RESIST + NI-HARD 





The Hamilton Foundry & Machine Co., 1551 Lincoln Ave., Hamilton, Ohio * TW 5-7491 
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ganese for nickel in various types 
of environments; the second coy- 
ers the corrosion resistant proper- 
ties of the manganese-containing 
austenitic stainless steels, AIS] 
types 201 and 202. What they 
found is summarized below. 
Manganese vs nickel 

Nitric acid: Stainless steels con- 
taining from 4 to 8% manganese 
show no corrosion in boiling nitric 
acid. Above this manganese con- 
tent, however, the corrosion rate 
increases, but even at 18% man- 
ganese the increase is slight. 

Most data for nitric acid was 
obtained from a boiling 65% solu- 
tion. These conditions are critical 
for austenitic stainless steels and 
are usually used to determine re- 
sistance to intergranular corrosion 
(Huey test). For this evaluation, 
only data taken from fully an- 
nealed samples were used. 

Phosphoric acid: Manganese be- 
low 9% has no effect on the 
corrosion resistance of a 17-18 
chromium, 4-5% nickel alloy in 
10% boiling phosphoric acid. At 
greater concentrations manganese 
increases the corrosion rate of the 
alloy. This effect is similar to that 
experienced with nitric acid. 

Sulfuric acid: From the data 
available, it appears that the sub- 
stitution of manganese for nickel 
does not produce an alloy with 
comparable corrosion resistance in 
sulfuric acid. 

Acetic acid: The addition of 
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304 stainless steel alloys. 
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BRIDGEPORT BRASS 


COPPER ALLOY BULLETIN 
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Duronze #707 
Has Many 
Applications 


by M. A. BUELL 
Chief Staff Metallurgist 





Duronze #707 is a truly versatile 
aluminum-silicon bronze alloy. Its com- 
bination of properties—good machin- 
ability, corrosion and wear resistance, 
high tensile strength, low coefficient of 
friction, and excellent fatigue resistance 
—is ideally suited to many product 
requirements. 

It can be used advantageously, for 
instance, as components for solderless 
wire cable connectors and pole line hard- 
ware; for nuts, bolts and studs; and for 
compression fittings on oil and gas lines 
in aircraft. Since Duronze supporting 
sleeves in compression fittings distribute 
vibration and fatigue stresses over a 
greater area of the tube than is possible 
with ordinary fittings, serious breaks in 
the tube lines can be prevented. 

Still another important property of- 
fered by Duronze #707 is its high tensile 
and yield strength in its annealed condi- 
tion. This makes it especially suitable for 
hot working into gears, pinions, valve 
parts, rollers, etc. The friction between 
Duronze #707 and steel is less than that 
between steel and steel. It can thus. be 
used to replace steel or cast-bronze parts 
and generally give longer life. Duronze 
#707 hot-forgings include suspension 
clamps and terminals for hollow cable 
jumper and strain connectors; valves; 
parts for oxyacetylene torches; and 
marine hardware. 

Duronze #707 is just one of five differ- 
ent aluminum and silicon bronze alloys 
made by Bridgeport. Each has outstand- 
ing combinations of mechanical and 
physical properties designed to meet 
specific engineering needs. For more in- 
formation and test samples call your 
nearest Bridgeport Sales Office. 
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Reporting New Developments in Copper-Brass Alloys and Metalworking Methods 
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Unique Continuous-Fliow Filter 
Uses Duronze Backbone For 
Strength ana Corrosion Resistance 


The unusual design of the Auto- 
Klean® Filter manufactured by Cuno 
Engineering Corporation, Meriden, 
Conn., permits it to be cleaned continu- 
ously, either manually or by motor, with- 
out costly interruption of flows or service. 

Filtration is obtained by passing the 
fluid between wheel-shaped metal discs 
placed edgewise to the flow. These discs 
are separated by spacers of predeter- 
mined thickness so that solids larger 
than the spacers cannot pass through. 
Extending into the slots between the 
discs are the knifelike cleaner blades. 
Filtration down to 1 micron is possible. 


Duronze #707 Backbone 


The mounting of the filter disc and 
cleaner-blade assembly is vital to effi- 
cient operation. To help insure accurate 
alignment, Cuno relies extensively on 





Bridgeport Duronze #707 (Aluminum- 
Silicon Bronze Alloy) to form the main 
spindles which are the backbone of the 
assembly. Strong, corrosion resistant and 
easily machined, Duronze #707 hag all 
the qualities needed for the rigid! re- 
quirements of this application. 


Duronze #707 tor 
Engineering Jobs 
Duronze #707 is one of a number of 
engineering alloys made by Bridgeport 
to meet the needs of durable, hard-work- 
ing products. Its high strength and cor- 
rosion resistance, plus good machinabil- 
ity are important advantages from both 
production and economy standpoints. 
It will pay you to see how Duronze 
can meet your requirements. Your 
Bridgeport Salesman, backed by 
Bridgeport Technical Service, will be 
glad to help you. Call him today. 


®Reg. trade name of Cuno Engineering Corp. 


BRIDGEPORT BRASS 


B t 


Bridgeport Brass Company, Bridgeport 2, Connecticut * Offices in Principal Cities 


In Canada: Noranda Copper and Brass Limited, Montreal 


For more information, turn to Reader Service card, circle No. 366 
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AS A DEPENDABLE SOURCE FOR 
MAGNESIUM PARTS AND PRODUCTS 


Whether you plan the development of a new product, or are seeking 
ways to further improve existing ones, you will be interested in the 
many new avenues which are open to the design engineer who includes 
magnesium in his basic planning. 

Magline Inc.—one of America’s leaders in magnesium—has pre- 
pared a descriptive new bulletin, expressly outlining for designers 
and engineers, the company’s services as a reliable, experienced source 
for magnesium castings, fabrication and complete production. Spe- 
cialists in magnesium exclusively, Magline’s background and experi- 
ence will serve you well in three important ways: (1) Objectively 
searching out ways to improve your product through the application 
of magnesium; (2) Assisting in the design and development phases; 
(3) Producing the required parts and components in any quantity, to 
your exact specifications. May we send you a copy of Bulletin No. 50. 











fabrication facilities for foundry facilities for 








e Forming e Deep Drawing e Sand Castings 

e Machining e Polishing e Die Castings 

e Welding e Finishing e Permanent Molds 

e Stamping e Stress Relieving 

e Spinning e Assembly Design and Engineering 


Services Available 


WRITE TODAY FOR BULLETIN NO. 50. MAGLINE, INC., P.O. BOX 413, PINCONNING, MICH. 
CANADIAN FACTORY: MAGLINE OF CANADA, LIMITED, RENFREW, ONTARIO 





For more information, turn to Reoder Service card, circle No. 390 
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How manganese affects corrosion 


of 17-18 chromium, 4-5% nickel al- 
loy in 10% boiling phosphoric acid. 


manganese to a 17-18 chromium, 
4-5% nickel alloy appears to 
decrease corrosion — resistance. 
Chromium has a much greater 
effect on res‘stance to acetic acid 
than manysanese. Increasing 
chromium from 16 to 19% de- 
creases the corrosion rate 
from 0.008 to 0.00004 in. per 
month. Most published data indi- 
cate that type 201 and 202 alloys 
and the low nickel alloys are as 
resistant to acetic acid as are the 
18 chromium-8% nickel alloys and 
12% chromium alloys. 


Lactic acid: Manganese, in con- 
centrations of less than 11%, has 
no effect on the corrosion resist- 
ance of a 17 chromium-4% nickel 
alloy in boiling 50% lactic acid. 
At concentrations greater than 
11%, manganese greatly increases 
the corrosion rate. 


Atmospheric corrosion:  Al- 
though there is much information 
published on atmospheric corro- 
sion, there are few quantitative 
data available on the corrosion re- 
sistance of various compositions. 
Ore report indicates that types 
201 and 202 alloys and the high 
chromium-high manganese stain- 
less steels are just as resistant to 
both industrial and marine atmos- 
pheres as types 301, 302 and 304 
stainless steels. 


Oxidation resistance: Published 
data show that the addition of 10 
to 14% manganese to a 20% chro- 
mium alloy increases the oxidation 
rate considerably. A 10 manga- 
nese-18% chromium alloy is in- 
ferior to a 9 nickel-19% chromium 
alloy at 1835 F, but the alloy is 
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a part of your future 


WERNER Aluminum EXTRUSIONS perform critical functions, achieve the high standards 

required for maximum product and production efficiency. Leading manufacturers of appliances, trailers, 

curtain walls, aircraft, etc. depend on WERNER EXTRUSIONS for precision tolerances, consistent 

quality control and delivery to meet their production schedule. If your present or future product requirements include 
extruded aluminum parts—contact WERNER Aluminum. Sales representatives located in principal cities. 
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SMALL PLASTIC PARTS 


over 5000 in open stock 


STOCK PARTS FOR RAPID 
DELIVERY .. . FREIGHT PREPAID 
ANYWHERE IN THE U.S. 


Pipco specializes in small industrial 
plastic parts (injection molded 
and extruded) in Nylon, Hi-Den- 
sity Polyethylene, Polyethylene, 
Butyrate and Vinyl. Parts include 
gears, rollers, spacers, wire tips, 
bumpers, closures for round, 
square, rectangular, oval and tri- 
angular tubing; caps for angle 
iron, bar and channel steel; ex- 
truded plastic welting, “T’, “H” 
and “E’ shape extrusions, etc. 
Custom parts that fit-Pipco auto- 
matic production processes, are 
also available. a" 


FREE CATALOG 


Small parts with a big reputation. 
Write for our latest catalog, 500A. 


PIPCO INTERNATIONAL CORPORATION 


1757 Stanford Street — Santa Monica, California 
Offices & warehouse stocks at Santa Monica, Chicago and Bridgeport, Conn. 
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For more information, turn to Reader Service card, circle No. 530 
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learn the ER 
facts of 


see how felt fits in 
with your products! 


Let us show you how to save money and in- 
crease efficiency with the proper use of felt. 
FRE Samples and Applica- 

tions of Industrial Felt. 


*made to S.A.E. and Federal Govt. Specifications 


CONTINENTAL FE’ BAT COMPANY. inc 
22 WEST 15th STREET “Sy NEW YORK 11, N.Y 


* 


For more information, turn to Reader Service card, circle No. 400 
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* Can be furnished 
in V2 sheets 












Nominal 
Size 
12x12 
18x 18 
24x24 S 
36 x 36* - 
48 x 48” Bos 





Up 





HERE’S WHY: You can 


order in quantity and in bo 
a wide variety of sizes— Ye 
and be certain of complete 
uniformity throughout. : 
Our strict density control % 


%~ 
assures you thoroughly 


non-porous Teflon— 





( DIAMETER INCHES 


Other diameters 
on specification 





= 


1 

Ye 
1% 

1% 
1% 
1”~ 
1% 
2 
2% 
2’ 
3 





free from any flaws which 
might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 
tolerances—no rejects, 
waste of material or loss 
of time. You get product 
purity—Tefion at its 
best in every one of its 
remarkable characteristics. 
Delivery is prompt—you 
get the quantity you 
want when you want it. 
Since the availability of 
Teflon, “John Crane” 
engineers have worked 
with Industry to successfully 
solve innumerable problems and 








develop new applications. You can 


benefit from their experience 
and know-how. 


Request full information and ask for our bulletin, The Best in Teflon. 
Crane Packing Co., 6460 Oakton St., Morton Grove, Ill. 


(Chicago Suburb). 


TYPICAL SIZES 














INCHES 










0.Dd. 1. D. 
% VV 
Vr % 
% Va 
1 5 
1”% 1 ‘ 
22 I" 
Characteristics of Teflon 
a 
ELECTRICAL 
Very high dielectric strength. 
Extremely low power facter. 
THERMAL 
Temperature 
“300° te 4.500" F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 
* DuPont Trademark _ 
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COMPOSITION OF TYPES 201 AND 202 (°,) 








Type 201 | ~- 202 
Carbon............ ...] 0.15 max | 0.15 max 
Chromium............. 16.0-18.0 | 17.0-19.0 
Err oe 3.5-5.5 4.0-6.0 
Manganese............ 5.5-7.5 | 7.5-10.5 
Ss diane 44's aki 0.25 max | 0.25 max 














more resistant at a temperature 
of 2000 F. 

Sulfur corrosion: The limited 
data available show the substitu- 
tion of manganese for nickel does 
not improve the resistance of an 
alloy to sulfur corrosion; in fact, 
manganese appears to decrease 
resistance to sulfur attack. 

Intergranular corrosion: Cer- 
tain published data show that 
for immunity from intergranular 
attack, the carbon content of man- 
ganese-containing steels should be 
less than 0.025% if the sum of the 
manganese and nickel content is 
14%. 

Types 201, 202 

Merrick and Mantell report that 
the manganese-containing auste- 
nitic stainless steels, types 201 
and 202 appear to resist attack 
by a number of chemicals, their 
resistance being similar to that 
of types 301 and 302. Type 201 
is intended as a substitute fo. 
type 301 and type 202 as a substi- 
tute for type 302. Types 201 and 
202 stainless steels are intended 
for use in such consumer items as 
appliances, automotive parts, flat- 
ware, plumbing fixtures, dairy 
equipment, fasteners and hard- 
ware. 

The authors note that care 
should be taken when using types 
201 and 202 at high temperatures, 
as intergranular attack usually 
occurs in these alloys at tempera- 
tures over 1200 F. This attack is 
probably due to the high carbon 
content of these steels (0.15%). 

Neither the austenitic stainless 
steels nor the manganese-contain- 
ing stainless steels are resistant to 
attack by sea water. This was con- 
firmed by testing specimens made 


For more information, circle No. 498 > 
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FREQUENCY 


SUPER DIELECTRIC = STRONG AS IRON 
15% OF TENSILE STRENGTH AT 2000° F 


Coors new AD-99 ceramic is non- 
porous 99.0% A1.0, with the amazing 
tensile strength of 34,000 psi— as 
strong as cast iron. It has 30% greater 
strength than the best commercial high 
aluminas of 96% to 98% AI,O,. It is 
particularly superior to any ordinary 
metals in strength at high temperatures 
—retaining 75% of its tensile strength 
or 20,000 psi at 2000°F (1100°C). 

Coors AD-99 is a superior dielectric 
material. At modern micro-wave fre- 
quencies, loss tangents are lower than 


those of plastics and all but one or two 
special ceramic materials—as reported 
by the Laboratory for Insulation Re- 
search, Massachusetts Institute of Tech- 
nology. At room temperature, the loss 
tangent is 0.00006 +0.00002 at 100 
me, less than 0.0001 at 300 mc, and 
0.00052 at 50 Kmce. 

These properties, combined with the 
excellent hardness and wear resistance 
of the alumina family, make this the 
most superior ceramic now available 
for commercial use. In addition, Coors 


AD-99 has complete, unequaled ho- 
mogeneity made possible only through 
the use of the Coors isostatic process.* 

Originally developed in Coors own 
laboratory especially for radome work, 
Coors AD-99 is now available on a 
commercial production basis for criti- 
cal electronic and mechanical appli- 
cations. We can make test parts for 
your developmental work at nominal 
costs. Production quantities can be 
supplied at prices only slightly higher 
than ordinary alumina ceramics. 


*Coors Porcelain Company operates under license for this patented process from Champion Sparkplug Company, Toledo, Ohio. 
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This amazingly 
sturdy face-guard 
turns aside the jar- 
ring crunch of a 200- 

pound fullback. It’s made 
of plastic—new GREX high 
density polyethylene. 
Toys take their share of slams, 
too, and industrial plastic mold- 
ings have to be tougher still. GREX 
plastic makes them that way: toys, 
trays, tubes or tools. 

The impact resistance of this plastic mir- 
rors its other strengths. Products made of 
GREX resist chemicals and acids, for exam- 

ple. They hold their shape when sterilized. 

They don’t become brittle when frozen. 

This versatile plastic means better products 
for you. 






































*Trademark for W. R. Grace & Co.’s polyolefins. W. R. Grace 
& Co. produces GREX resin for a wide variety of uses, does not 
make the finished articles mentioned above. 


Ww R.GRACE & co. 


POLYMER CHEMICALS Division 


OFFICES: CLIFTON. N.vJ.. CHICAGO. ILL PLANT 


BATON ROUGE. LA 
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GRENX 
Tamr-leiifele 


PRL EEL IMO S hs 


Introduction to the Laboratory 


Gleaming, chrome-faced cannonballs 
thud against a newly-molded plastic 
container. Objects whirl in the ultra- 
violet light of a test chamber. An 
endless strip of sandpaper rubs at the 
surface of a gear. 

Here, in the laboratories of W. R. 
Grace’s Polymer Chemicals Division, 
at Clifton, N. J., we pre-prove our 
product, GREX, for our customers. 


Condensing the Calendar 


In three weeks we can duplicate three 
years’ exposure to sunlight, rain and 
freezing temperatures. A year’s wear 
on a utensil is condensed into a week. 

On the production floor, injection 
molding machines hum as we measure 
temperatures and pressures needed 
for GREX-molded radio housings. 
Sheet and film roll from extruders 
and are tested for uniformity and 
gloss. Nearby are facilities for com- 
pression molding, vacuum forming, 
blow molding, heat sealing and paper 
coating. 


Reports for Customers 


This unusual laboratory—actually a 
plant—creates nothing commercial, 
makes nothing for actual sale. Reports 
on its labors are given freely to GREX 
customers and prospective users. 

These modern, complete facilities 
were built for the convenience of 
Polymer Chemicals customers. They 
function on your behalf —and can begin 
working on your problem immediately. 

Simultaneously our Marketing 
Department can cooperate in helping 
you determine potentials and market- 
ing methods, drawing upon the wide, 
varied experience of its personnel. 

To learn more about GREX and the 
service it offers, write today. 


W. R. GRACE & Co. 
POLYMER CHEMICALS DIVISION 
Dept.3A,-225 Aliwood Rd., Clifton, N.J. 


Please send further information about 
GREX for the following applications: 
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IN MATERIAL 





of type 302 and 202 in flowing 
sea water for 191 days. At the 
end of the test both specimens 
were perforated and corroded. 


Sybmitted in partial fulfillment for the de- 
gree of MS in Chemical Engineering, Gradu- 
ate School, Newark College of Engineering. 


Plastics Sheet Used 
in Rockets, Missiles 


A new silica fiber-reinforced 
plastics sheet material has been 
developed by H. I. Thompson 
Fiber Glass Co., 1733 Cordova St., 
Los Angeles 7, Calif., for “one 
shot” rocket and missile applica- 
tions. According to the producer, 
the plastics sheet should be par- 
ticularly useful as liners for 
rocket engines, and as nozzles and 
nose cones for intercontinental 
ballistic missiles. The _ plastics 
sheet, designated Astrolite, is 
made of “pure vitreous silica 

















142 sec are required for a hot flame 
(4600 F') to burn through a sheet of 
Astrolite silica-reinforced plastic. 


42 sec are required for the same hot 
flame to burn through an alloy steel 
plate of the same size and thickness. 













*® AIDS LUBRICATION 
® UNIQUE STABILIZATION 
® ALLOYS READILY 


QUALITY 


at the Indium Corporation 
of America means purity 
of metals, and strict ad- 


herence to specifications. 


SERVICE 


means prompt delivery to 
customers, and technical 
help in specific uses of 


Indium. 


RESEARCH 


means “forward looking” 
with respect to new prod- 


ucts and new techniques. 





| _— -— 
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Every time you listen to a transistor radio, 
you are enjoying the benefits of an appli- 





cation of the 49th element, Indium. 






The use of Indium with a germanium plate 








aided electronic engineers to produce 






transistors commercially — but this is only 










one of many startling achievements made 








possible through use of Indium... the metal 


of unlimited possibilities. 


Indium may have significant applications in 





your own product development. 







WRITE TODAY to Dept. M-358 for new Indium 
bulletin: “INDALLOY”’ Intermediate Solders. 
















1676 LINCOLN AVENUE 


Since 1934... 
Applications of Indium for Industry. 


UTICA, NEW YORK 


Pioneers in the Development and 
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A GOOD WORD FOR 


QUALITY PHENOLIC MOLDING COMPOUNDS 


IN THEIR WIDEST APPLICATION IS 


PLENCO 


. a good word, too, for dependable 
counsel. Whether you take our advice or 
not, you can’t help but profit from your 
consultation with Plenco’s problem-solv- 
ing specialists. And, in production, you 
can’t help but benefit from the wide- 
ranging knowledge with which these 
modern molding materials are formulated 
and the precision with which they are 








produced. 
FOR BETTER Does phenolics have the answer for 
PLASTIC PRODUCTS you? Then, chances are that Plenco com- 
pounds, in their exceptional variety, ver- 
Serving the plastics industry in the satility and quality-controlled uniformity, 
manufacture of high grade phenolic can provide it. We invite you to let us 
molding compounds, industrial resins 
and coating resins. demonstrate that. 


PLASTICS ENGINEERING COMPANY 


Sheboygan, Wisconsin 


For more information, turn to Reader Service card, circle No. 412 
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PROPERTIES OF ASTROLITE 








Tensile Strength, psi.................... 800 
Flexural Strength, psi......... 0,000 
Compressive Strength, psi............ 3,000 
Water Absorption, %................. 15 
i oe a elas cs, 50 
Se ee re eee 100 





fibers called Refrasil and a high 
temperature phenolic resin.” 


Slow burn-through 

Slow “burn-through” time seems 
to be the chief property of the 
plastics sheet. At a recent demon- 
stration a hot flame (4600 F) took 
142 sec to burn through the sheet: 
the same flame burned through an 
alloy steel plate of the same size 
and thickness in only 42 sec. 

Although graphite and carbon 
exceed Astrolite in burn-through 
times, these two materials are 
said to be so limited by their 
brittleness and thermal conductiv- 
ity that they do not furnish any 
protection to critical parts behind 
them. Astrolite, on the other 
hand, is said to have excellent 
insulating properties. 

The producer says Astrolite can 
be machined with techniques sim- 
ilar to those used for fiberglass 
laminates; in general, carbide or 
diamond tipped tools are recom- 
mended for production purposes. 

The plastics sheet material is 
available in production lot quan- 
tities in both pre-impregnated 
fabrics and fabricated parts. 


Metallized Paper 


Aluminum metallized paper, 
said to be ideal for can and bottle 
labels and carton overwraps, is 
currently being field tested by 
Shellmar-Betner Flexible Packag- 
ing Div., Continental Can Co., 100 
East 42nd St., New York 17. 

Shellmar-Betner’s new paper 
products is metallized by process- 
ing it in roll form in a vacuum 
chamber where pure aluminum is 
deposited upon it. Indications 
show that the metallized paper, 


For mo 
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take a good look at 
engineered ceramics 


When you plan the development of a 
new product, or seek ways to further 
improve existing ones, take a good look 
at engineered ceramics in your planning. 
Our ceramic engineers have developed 
many new formulae and fabricating 
methods which greatly enlarge the use- 
fulness of these amazing materials. 
Whether your problem involves critical 








50 or exacting electrical and mechanical 
00 properties, chances are Frenchtown 
a Engineered Ceramics will provide a bet- 

ter answer. Check these advantages: 
h @ MECHANICAL STRENGTH 


Compressive strength up to 187,000 psi. 


— 


@ ABRASION RESISTANCE 
Demonstrated by use for sand 
blast nozzles. 
. @ HEAT RESISTANCE 
Softening temperatures up to 
e 1971° C. 
@ THERMAL CONDUCTIVITY 
Coefficient (c.g.s. units) up to 
k 0.0180. 
@ THERMAL EXPANSION 
’ as low as 2% cumulative at 
n 700° C. 
Send for the helpful Frenchtown properties chart. 


T trenchtown onsexas 


2 Frenchtown, New Jersey 











& S- UBBER 
TEXTILES 


“THE PRODUCT FINIS 


A THOUSAND USES 






PLASTIC 


Every day product designers, 
nora. industrial finish and material 

: engineers are finding new, 
profitable uses for Cellusuede Flock—industry's most versatile product 
coating. With these cotton, rayon or hair fibers, you can add new beauty, 
color, and sales appeal to your product, provide a durable protective 
finish, silence noises, or dampen vibration. Best of all, the soft velvet-like 
Cellusuede finish is easy to apply to wood, metal, plastic, fabrics, 
leather, cardboard, or paper surfaces, either on a modified or production 
line basis. It's inexpensive, more durable than fabric, and readily 
available in a wide range of textures and beautiful colors. Investigate 
today the profit possibility of using Cellusuede for your product. 


FREE BULLETIN—SAMPLES, TECHNICAL SERVICE 


Write for 12-page bulletin illustrating profitable uses 
and applications. For help with a specific job, Cellu- 
suede's technical service and unexcelled facilities are 
available for producing samples to meet your needs. 


CELLUSUEDE PRODUCTS, INC. 


Producers of Natural and Synthetic Flock 


511 N. MADISON STREET @ ROCKFORD, ILL. 
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DO YOU HAVE A 
PROBLEM INVOLVING 


HIGH SPEEDS... 
HIGH TEMPERATURES... 








CHEMICAL CORROSION ? 





INVESTIGATE 


PUREBON 


*carbon-graphite especially 
designed for mechanical applications 











Where lubrication 





is a problem on bearings, 
seals, blades and similar 
sliding or rotating parts, 
PUREBON is often the ideal 
solution. 








PROPERTIES OF 


te “Stable at high 
omen 


S ieenpains 6 








REQUEST BULLETIN NO. 58 OR 
SEE SWEET'S PRODUCT DESIGN 
FILE 



















PURE CARBON CO., INC. 
450 HALL AVENUE 


ST. MARYS, PENNSYLVANIA 
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HARD-WORKING 


CAST STEEL 
HOIST and BODY PARTS 


eeemade BETTER with UNITCASTINGS: 





When heavy-duty truck equipment is subjected to 
terrific poundings, extremely heavy loads, shocks, and 
stresses—its durability, ruggedness, and ability to 
‘take it’? depends on the quality of the components. 


Steel castings are used for many of the “‘wear’’ parts 
in a major manufacturer’s line of hoists and bodies 
because they “‘stand up” on the job. . . assure the 
required strength, resistance to wear and corrosion 

. . offer good weldability and minimum weight. 


‘*‘Foundry Engineered”? Unitcastings meet the dimensional 
accuracy, internal soundness, good surface appearance 
and other requirements specified by the customer. 

In addition, Unitcast’s modern steel casting methods and 
facilities make possible the consistent uniformity that 

means a lower end cost! 


Let Unitcast’s engineers show you how steel castings will 
serve you better! Write today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Unitcast “=: 
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IN MATERIALS 


almost identical to aluminum foj] 
laminations in appearance, will be 
lower in cost than foil. According 
to the producer, the paper lends 
itself well to printing. 


Method for Fastening 
Honeycomb Structures 


How to effectively fasten honey- 
comb structures to aircraft has 
been a problem to designers ever 
since the construction was first 
introduced. Conventional fasten- 
ers such as through bolts, screws 
and rivets usually cause local 
crushing of the panel when highly 
concentrated loads are placed upon 
it. 

Designers and fastener manu- 
facturers alike agree that the 
most promising and effective an- 
swer to the honeycomb fastening 
problem is a lightweight, low cost, 
and versatile means of reinforc- 
ing the fastened area. Wood and 
metal strips between the _ skin 
covers, molded-in plastics blocks, 
and bonded-in inserts have proved 
effective, but they are hard to 
install, rather heavy, and rela- 
tively high priced. 

Aluminum spacers 

A seemingly logical answer to 
the fastening problem has now 
been advanced by Raymond J. 
Schwab, Delron Co., South Gate, 
Calif. Mr. Schwab says alumi- 
num spacers supply the necessary 
strength, are relatively easy to 
install, and are lightweight and 
inexpensive.. He says a number 
of factors should be considered in 
selecting a spacer for a particular 
honeycomb fastening application: 

1. Strength-weight ratio at spe- 
cified operational temperatures. 

2. Shear and pull-out strength 
under expected load reversals or 
vibrations. 

3. Ease of installation in bonded 
honeycomb panels. 

4. Special installation require- 
ments, including a) type of me- 
chanical fastener, b) blind instal- 
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(SAE 1010-3/32” CRS— 
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Short-Run Design 
Suggestion Sample 


ENGINEERS responsible for the design function 
will welcome this practical short-run stamping 
sample which visibly shows various common 
conditions that occur in metal fabrication. 

An actual production sample, it indicates 
typical mechanical problems met with in terms 
of type of material, temper and thickness. 


SAMPLE AND BULLETIN DDS-2 ON 
YOUR LETTERHEAD 


DAYTON ROGERS 


















MINNEAPOLIS 7X, MINNESOTA 








From Designing to Final Inspection... 
Over 35 Years of Specialization Assures 
the Quality of Your Plastic Components 






Injection 





and Compression 
Molding 
‘ Mack Custom Three plants to help with 
Keinforced Molding Service your plastic problems: 
Plastics Includes the facilities of three 





completely equipped plants. 
Mack design and production 
engineers are familiar with the 
problems involved in molding 
intricate precision industrial 


4 re Hi ; y u 
parts and functional compon- 
ents for consumer products. 
From Biueprint 
to Delivery 


Mack will work with you from 


the planning stage right 
through to final delivery. For 
assistance on specific require- 

























ments, just call or write: Mack 
Molding Company, Inc., 


a , a b Wayne, New Jersey. 


LEONE STAR Serving Industry for Over 35 Years 


MACK 


Our 15th. Year of Serving Southwestern Industry Moided Excellence 


For more information, turn to Reader Service card, circle No. 433 
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| COMPANY INCORPORATED * WATERLOO, P.Q., CANADA 
|} e.0. BOX 9817, FORT WORTH, 1 
| «124 ROBERTS CUT-OFF R 
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MESSAGE from the'NO"men 
of Laminated Shim Company 
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lation, c) flush installation, and 
d) ease of replacement in case of 
damage. 

Types of spacers 

According to Schwab, many 
different types of aluminum 
spacers, manufactured in flat, 
flush and countersunk heads, are 
available to meet the above re- 
quirements (see Fig 1). A brief 
description of each follows: 

Through-bolt spacers having a 
smooth inner wall are used where 
a bolt can be passed through the 
panel and an assembly fastened 
to the opposite side and held in 
place with a nut. 

Rivet spacers, similar to 
through-bolt spacers, but supplied 
with hole diameters made in ac- 
cordance with the various stand- 
ard rivet diameters, are used 
where permanent rivet installa- 
tions are preferred. 

Internally threaded spacers, fur- 
nished with internal threads to 
fit standard bolt and screw sizes, 
are used in place of nuts to elimi- 
nate the additional bolt and nut 
length. 

Self-locking spacers are a 
variation of internally threaded 
spacers but are supplied with a 
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Threaded Through-bol 



































Self-locking Structural 


Fig 1—Various types of aluminum 
spacers used to fasten honeycomb 
structures to aircraft. 





Durable American Felts 
Eliminate Up To 85% 
Of Transmitted Vibration 


Vibra-Mount Felts are used as base supports 
to level and isolate vibrating machinery ... as in- 
sulating materials with which to protect sensitive 
instruments and equipments. In terms of operating 
efficiency, these resilient Felts eliminate up to 85% 
of normally transmitted vibration ...in most cases 
no bolts or lags are needed to hold machinery in place. 
Vibra-Mount Felts are inexpensive, easy to install 
... Cut to fit and they are ready to apply with attached 
adhesive . . . can be reused for even greater economy. 
Standard Vibra-Mount Felt pads fit all conventional 
needs...consult our Engineering Staff for special re- 
quirement data . . . for standard Vibra-Mount information, 
write for Data Sheet #10, on company letterhead please. 
Remember: American Felt Company provides the larg- 
est and best equipped staff of product engineers in the Felt 
industry with engineered materials for seals, wicks, filters, 
insulation, decoration... 


General Offices 
and Engineering 
and Research 
Laboratories 


24 Glenville Road 
Glenville, Conn. 
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Courtesy U.S. industrial Chemicals Company 


Perfect stRESS-STRAIN Curves 


EVEN WITH LOW TENSILE MATERIALS 


Reliable stress-strain curves can now be plotted for all materials, 
including non-rigid plastics, films, metallic foils, fibres, rubber, fine 
wire, etc. with a Tinius Olsen XY Elecmatic Universal Testing 
Machine. 

Strain is recorded in terms of actual deformation in inches per inch 
between gauge points on the specimen itself using extensometers. 
These instruments are so counterbalanced that their weight does not 
impair specimens under test in any manner. Most important, the in- 
accuracies of ‘‘calculated"’ strain based on crosshead motion are 
eliminated. Fundamental engineering data can be obtained from 
Olsen XY Elecématic curves with full assurance of accuracy and 
reproducibility. 


. Other features of the Tinius Olsen XY ElecSmatic include: 


e Eight standard testing ranges of up to 1/200 capacity are 
instantly available, while range capacities as low as 50 
grams are obtained with auxiliary load cells. 


e Electronically controlled testing speeds are positive under 
load or no load. 


e Hot and cold temperature cabinets and high temperature 
furnaces available for use in the testing machine. 


For complete testing flexibility, and accuracy under all testing 
conditions, get the facts about the Tinius Olsen XY ElecSmatic UTM. 


Write for information today. 





2010 EASTON ROAD . 


Testing and Balancing Machines 


For more information, turn to Reader Service card, circle No. 382 
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TINIUS OLSEN 


TESTING MACHINE COMPANY 


WILLOW GROVE, PA. 





plastics insert to furnish the self. 
locking feature. 

Structural spacers are similay 
to the above spacers but are sup. 
plied with an internal sleeve. The 
sleeve is deformed during assem. 
bly to grip the cover skin betweey 
sleeve and spacer head, providing 
additional strength under severe 
vibration. 
How spacers perform 

Load carrying properties most 
generally considered in standard 
honeycomb fastening applications 
are pull-out strength and com- 
pression, according to Schwab. 
Pull-out strength is maximum 
load under which an insert can 
be exposed before it actually pulls 
away from or through the panel; 
compression is the amount of de- 
formation which the insert under- 
goes during loading. A _ typical 
example of the pull-out strength 
of an aluminum structural spacer 
is shown in Fig 2. The spacer 
was used to help fasten an alumi- 
num honeycomb structure *%% in. 
thick with a top skin thickness of 
0.016 in. Mr. Schwab says all 
failures ‘occurred by crushing of 
the panel rather than by failure 
of the spacer. 
Installation data 

When installing the spacers 
in honeycomb structures, Mr. 
Schwab recommends that a hole 
be drilled through the _ entire 
panel, the diameter of the hole 
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Fig 2—Pull-out strength of an alu- 
minum structural spacer used in 


honeycomb structures. 
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BRAZED SUCCESSF 


—a 3 | 


WITH i] / 


SILVALOY | 


LOW TEMPERATURE SILVER BRAZING ALLOY 

















Brazed assemblies come swiftly off the busi- 
ness end of a sound, efficient production line 
developed at Maytag. In this operation a bot- 
tom plate is brazed to the center shaft and 
sleeve used in the Maytag No-Vent Clothes 
Dryer. 

The technic is simplicity itself—yet it makes 
for peak production and excellent brazing 
results. Briefly, Silvaloy Preformed rings are 
stored on a sleeve of a diameter equal to that 




















of the center shaft. Rings are easily, rapidly 
slipped from sleeve to shaft—bottom plate is 
positioned—assembly is placed in a fixture 
and brazed. 

Maytag Washing Machines and Clothes 
Dryers are built for long, dependable service. 
High production standards are therefore a 
“must” at Maytag. Brazing operations are 
kept to that standard with the aid of Silvaloy 
Low Temperature Brazing Alloys and APW 
Fluxes. 

Silvaloy Brazing Alloys and APW Fluxes 
are helping to speed production, lower costs 
The Maytag trademark is a and improve brazing results in many fields. 


recognized sign of quality in Call your nearest 
Silvaloy Distribu- 










































every consumer market where nf 

h hold! d : ' tor for in orma- 
ree old launary equipmen tion or technical 
is sold. x *&* wk & * assistance. * x 


These two complete reference manuals for low temperature silver 
brazing and fluxing are available upon request. Send for either one or both. 





THE SiLVALOY DiSTRIBUTORS 


A.B.C. METALS CORPORATION EDGCOMB STEEL COMPANY OLIVER H. VAN HORN CO., INC. STEEL SALES CORPORATION 
DENVER, COLORADO es a ger ipa —— NEW ORLEANS, LOUISIANA CHICAGO, ILL. « MINNEAPOLIS, MINN. 
LTIMORE, MD. + , PA. FORT WORTH, TEXAS» HOUSTON, TEXAS INDIANAPOLIS, IND. » KANSAS 
BURDETT OXYGEN COMPANY GREENSBORO, N.C. GREENSVILLE, S.C. CITY, MO. « GRAND RAPIDS, MICH. 
CLEVELAND + CINCINNATI : ; ’ 
DETROIT, MICH. + ST. LOUIS, MO. 
COLUMBUS + AKRON + DAYTON pieen sein or eee Chetaee, oe, OO ee re OO * caeneee. We. 
YOUNGSTOWN + MANSFIELD « FINDLAY MILFORD, CONNECTICUT SAN FRANCISCO, CALIFORNIA , 
NASHUA, NEW HAMPSHIRE SALT LAKE CITY, UTAH 
EAGLE METALS COMPANY LOS ANGELES, CALIFORNIA LICENSED CANADIAN MANUFACTURER 
SEATTLE, WASH. + PORTLAND, ORE. NOTTINGHAM STEEL & ALUMINUM CO. SAN DIEGO, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. CLEVELAND, OHIO PHOENIX, ARIZ. TORONTO + MONTREAL 








(ANGELAARD 41M 49 ©) ST FR ES, SI &. ) 


AMERICAN PLATINUM & SILVER DIVISION 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 
NEW YORK * PROVIDENCE * CHICAGO * SAN FRANCISCO * LOS ANGELES 


For more information, turn to Reader Service card, circle No. 499 
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What you ought to know about 
deep drawn shapes and shells 


Hackney deep drawn shapes and shells permit product designers to 
reduce weight, save production time and lower unit costs—improve 
product appearance, increase strength and vibration resistance. Our 
experience in producing O.E.M. parts for manufacturers of many 
types of equipment can help you achieve similar results. Just keep 
these basic specifications in mind: 


@Shapes: Cylindrical, spherical, tapered or conical. 
* Capacities: From 1 quart to 70 gallons. 
Diameters: From 3 inches up to 32 inches. 


Depths: Up to 60 inches. Two half shells are easily welded 
together for extra length or symmetrical design. Open end can 
be closed by spinning to give an entirely seamless cylinder. 


Blank thicknesses: 16 gauge and heavier. 


Wall thickness: For working pressures up to 5,000 psi in the 
smaller diameters—up to 200 psi in the larger diameters. 


Metals: Steel, stainless steel, nickel, aluminum, magnesium, 
copper and many alloys. 


Write for details. 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 
1442 South 66th Street, Milwaukee 14, Wisconsin 
Branch offices in principal cities 
CONTAINERS* AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 


as 
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being the same as the o.d. of the 
spacer shank. Most of the spacers 
can be inserted into the honey- 
comb structure by using a hand 
arbor, pneumatic or hydraulic 
press. It is claimed that a trained 
operator can install up to 200 
spacers in an hour. The spacers 
need not be installed until fina] 
attachment of the honeycomb 
structure to the aircraft, accord- 
ing to Schwab. 












Adhesive Joins Cured 
Silicone Rubber Parts 







An easily applied, high bond 
strength silicone rubber adhesive 
has been developed by Dow Corn- 
ing Corp., Midland, Mich. Identi- 
fied as Silastic S-2200, the mate- 
rial is translucent and nontoxic, 
contains no solvent, and may be 
applied with a knife or a spatula. 
The adhesive should find use in a 
wide variety of splicing, gasket 
sealing, blanket mending and duct 
lining applications. 

Dow Corning says the new ad- 
hesive is designed especially for 
bonding vulcanized silicone rub- 
ber parts to themselves and to 
steel, aluminum, brass, copper and 
zinc. At present, Silastic S-2200 
is available in pilot plant quanti- 
ties at a price comparable to that 
of conventional silicone rubbers. 
How to use 

Silastic S-2200 vulcanizes in 5 
min at 260 F to create a strong 





bond between silicone rubber he 
parts. Because the adhesive is us 
solventless, vulcanized _ silicone = 
rubber parts may be assembled 
immediately upon application of if 
the adhesive. In order to achieve lift 
optimum adhesion of silicone rub- - 
ber parts to.metal, a cure of about apa 


4 hr at 480 F under firm contact 
pressure is recommended. No spe- 
cial preparation of metal surfaces 
is required beyond normal clean- 
ing. Good adhesion of silicone 
rubber parts to metal may be 
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Pallet racks cut handling costs 
... protect special fasteners 


Pallet-rack packing, though often 
higher in cost than conventional pack- 
ing, pays for itself many times over. 
Besides saving floor space, it makes 
possible better handling with fork 
lift trucks, and easier movement of 
lifts without need for wood blocking 
as separators. Fasteners are protected 
against damage by a tight strapping 


that prevents interior movement within 
each lift. 

Pallet-rack packing cannot be fur- 
nished for every style and size of Beth- 
lehem fastener. However, where con- 
ditions permit, our engineers are just 
as adept at working out improved 
packing procedures as they are in de- 
signing the fasteners themselves. That’s 


BETHLEHEM STEEL 





from damage 


why we believe it will pay you to check 
with Bethlehem whenever you have 
any questions about packaging. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Stee! Corporation 


Export Distributor: Bethlehem Steel Export Corporation 
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PROBLEM 


Low-Hydrogen 
Electrodes 


P&H Low-Hydrogen electrodes give 
you industry’s widest choice of alloys 
for welding “difficult” steels. There’s 
a chemical analysis to match most 
parent metals. 

Welds are of X-ray quality, with great- 
er ductility at high tensile strength, 
and better impact properties. For 
more detailed information, write for 
Bulletin R-29, Dept. 301G, Harnisch- 
feger Corp., Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


WELDERS ee ELECTRODES 
POSITIONERS 


For more information, circle No. 479 
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% 
High bond strength is claimed for 
a new silicone rubber adhesive. 


obtained with shorter cures by 
using Dow Corning A-4094, a sili- 
cone primer which air dries in 
30 min. 

A 5-mil coating of the adhesive 
(as measured after vulcanization ) 
is sufficient for good adhesion, ac- 
cording to the producer. Applica- 
tion methods should be such that 
air bubbles are excluded from the 
bond, and enough pressure should 
be applied to insure good contact 
at all points. 

Properties 

Tests indicate that cured films 
of the adhesive develop pull 
strengths of 25 lb per in. width 
and _ retain both mechanical 
strength and full resilience at 
temperatures from —70 to 500 F. 
The adhesive has a specific grav- 
ity of 1.10 and a brittle point of 
-100 F. 


Aluminum Products 


Kaiser Aluminum & Chemical 
Sales, Inc., 919 N. Michigan Ave., 
Chicago 11, has introduced four 
new aluminum products — two 
small sizes of standard alloy pigs 
and two aluminum foil-to-paper 
laminations. 

Alloy pig 

The two aluminum alloy pigs 
are available in 10- and 30-lb sizes 
in 2312, A2312, 2393 and 2364 
aluminum alloys. Kaiser says the 
small pigs will be of particular 
value to users who cannot handle 
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Liquid Heating 
Problems? 





Your Chromalox Man 
has the ANSWERS 


Backed by the industry’s most 
complete line of electric heat- 
ers, he has heaters specifically 
designed for oils, water, 
asphalt, paraffin, salt baths, 
corrosive solutions and _ heat 
transfer media. Standard heat- 
ers are ready for immediate 
shipment from the world’s 
largest stock. 

Call your Chromalox Sales- 
Engineering Representative 
for clean, safe, economical 
Electrical answers to all your 
heating problems. Or, write to: 


2607 


=» Chromalox Electric Heat 


7° — Edwin L. Wiegand Company 
““inus’ 7523 Thomas Blvd. « Pittsburgh 8, Pa 


For more information, circle No. 521 
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In visual inspection of IBM Code Rod, a 
section of the surface is magnified and 
projected on the screen. Only a small 
portion of the screen image is shown here. 
Lateral and angular tolerances of + 
.0015” are checked against the chart 
gage represented by the heavy black 









vertical and horizontal lines. 


How would you gage these 1,118 holes? 


Here’s how IBM did it... 


and smashed an inspection bottleneck 


Here’s how International Business Ma- 
chines Corporation boosted the inspection 
rate On its new Code Rod from 1 or 2 
per day to 15-20 per shift—keeping pace 
with production, yet maintaining complete 
accuracy—with a Kodak Contour Pro- 
jector, Model 14-2A. 

The Code Rod is used with the new 720 
High Speed Wire Printer, developed by 
IBM to overcome the speed limitations of 
conventional bar type printers. The rod is 
a stainless steel tube with no less than 
1,118 Y%2” holes. The holes are drilled in 
various combinations at 7 different inter- 
vals in 7 straight rows down the 8” length 
of the tube. Obviously the inspection 
problem is of no small proportions. 

Lateral and angular tolerances for the 
holes are + .0015”. To maintain these tol- 
erances is critical because any mis-drilled 
holes would cause an error in the shape of 
the characters to be printed. What’s more, 


the 720 Printer operates at extremely high 
speeds, and any slight error could affect 
its operation. 

In visual inspection a master Code Rod 
is placed next to the rod to be inspected. 
Both surface images are projected on the 
screen. The operator simply indexes the 
image along simultaneously, so that he 
always has a correct rod in view for com- 
parison of the hole grouping. He checks 
tolerances by a chart gage on the pro- 
jector screen. 

Got an inspection bottleneck at your 
plant? Optical gaging with a Kodak Con- 
tour Projector may well be the answer. 
The booklet ‘Kodak Contour Projectors” 
gives examples of how other firms are 
profitably using Kodak Contour Projec- 
tors, plus full data on the various models 
we offer. The booklet is available on re- 
quest from: 


Apparatus and Optical Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


the KODAK CONTOUR PROJECTOR 


For more information, turn to Reader Service card, circle No. 364 


Kodak Contour Projector, Model 14- 
2A, is a versatile precision measuring 
instrument for production lines or tool- 
room. It is one of 6 Kodak Contour 
Projector models available to meet 
all your optical gaging needs. Opera- 
tors work in complete comfort, need 
little training. 
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problem solved... 






















replaced this set of gears 


r: up to your die caster to get the most from die 
casting. Here’s a case in point. 


Original design called for two distinctly different gears. 
That meant double assembly handling, double parts 
inventory, added cost. Applying the accuracy and flexi- 
bility of die casting, Twin City designed a single gear to 
do the job of two. Every gear tooth had to be different. 
This was no problem for die casting but demanded 
imaginative design and precise tooling at the die-making 
level. The customer saved tooling money, assembly money, 
parts control money. 


But, that’s just part of the story. Twin City Die 
Casting was willing and able to put itself in the customer’s 
shoes. Twin City went beyond the process of die casting, 
Twin City thought like a buyer. 


That has always been the secret of Twin City’s service 


. .. a die caster that thinks like a customer. Write if you 
can use that kind of thinking. 


---Only DIE CASTING can 


MM cut your costs |“ offer such flexibility 
provide such accuracy 


L cadtiig Dit Catt wét the Upper Mine 
TWIN CITY DIE CASTINGS CO. 


3351 TALMADGE AVE. S. E. ¢ MINNEAPOLIS 14, MINN. ¢ PHONE MI 6-7528 
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the regular 50-lb size because of 
equipment limitations. 
Foil-paper laminates 

The aluminum foil laminations 
consist of aluminum foil 0.00025 
to 0.005 in. thick laminated to 
tissues, bonds, special papers and 
paper board. The laminated foi] 
materials are expected to find use 
as industrial insulations, labels, 
can liners, carton materials and 
advertising displays. 


Silicone Varnish 
for Class H Insulation 


A new silicone varnish has been 
developed by Silicones Div., Union 
Carbide Corp., 30 E. 42nd St. 
New York 17, especially for coat- 
ing and bonding Class H electrical 
insulation parts. Called R-610, the 
varnish is claimed to retain 90% 
of its original dielectric strength 
after seven days exposure at 530 
F. 

Carbide’s silicone varnish can 
be used to bond mica splittings 
in many mica tape combinations, 
including glass backing on one 
or both sides, and glass backing 
on one side with Mylar film back- 
ing on the other. The varnish 
can also be used to bond glass 
cloth with mica, asbestos and glass 
paper for slot liners, wrappers 
and phase insulation. 

Advantages claimed for the 
varnish are: low viscosity (75 to 
175 cp); good penetration and 
wettability; fast drying time; 
adaptability to varying production 
conditions; low water absorption; 
and low weight loss upon curing 
and aging. 


Ceramic Magnets Aid 
D.C. Motor Operation 


Ceramic permanent magnets 
seem to be better to use in d.c. 
motors than conventional copper 
wound electromagnets, according 
to engineers at Indiana Steel 














Scranton, Pennsylvania: 


The caption takes on added meaning with the opening of 
our fine new plant, exclusively devoted to injection mold- 
ing. Located in Lackawanna Valley’s Industrial Park, it 
contains 80,000 square feet of space on one floor and houses 
23 injection presses plus unexcelled spray painting, metal- 
‘lizing, and other decorating and finishing facilities. There 
will be no better injection plant in the East—and no more 
experienced or knowledgeable production staff. 


Binghamton, New York: 


New York State manufacturers now enjoy the added 
convenience of this new addition to our injection molding 
facilities. Twenty thousand square feet of floor space, seven 
modern injection presses, new dimensions in decorating 
and finishing—all these and a sound organization, too, are 
right on the spot to serve you better. 


Whatever your injection molding need, Consolidated has 
the wherewithal to serve you to your complete satisfaction, 
Two new plants in operation have equipped us better than 
ever before to handle any injection molding job. Why don’t 
you see for yourself what our expansion—backed by long 
experience—can mean to you? 


At Consolidated, Everything is Modern Except 
Our Old-Fashioned Pride in Craftsmanship 


OLDED PRODUCTS CORPORATION 


Scranton, Pa. and Binghamton, N.Y. 
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NEW STRUCTURAL MATERIAL 


* Licensed under U. S. Pat. 2,764,565 


ere) Precision cast shapes to your specifications, this new 


SHOCK) 
mountee 


over metal, nylon and other non-metallics for many applications. 


extraordinary structural material offers unusual me- 


chanical properties making it a much desired choice 


ElastaCAST*, a urethane rubber, utilizes inexpensive _ 

tooling to produce component parts at a new low in GEARS 
unit costs. Here are five of ElastaCAST’s innumerable 

ay > superior property advantages which make it a must 

y in your requirements. for progressive design and 


greater functional efficiency: 


Extreme High Tensile Strength of 4200 to 7300 psi. 
Wide Range of Hardness from 62 to 92 Shore A. : 


™ 


* 


y 
‘Pump 
VANES 


Excellent Abrasion and Tear Resistance. 


Good Rebound Elasticity. 


Good Resistance to Solvents and Ozone. 


For complete details on this versatile material, write 
for the ElastaCAST Engineering Notebook. A compe- 
tent staff of engineers and laboratory technicians await 
your product research and development problems. 


ACUSHNET PROCESS COMPANY 


NEW BEDFORD. MASSACHUSETTS 
ElastaCAST DIVISION 


Address all communications to 750 Belleville Ave., New Bedford, Mass. 
For more information, turn to Reader Service card, circle No. 445 
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Products Co., Valparaiso, Ind. The 
engineers say Indox I and Indox V 
ceramic permanent magnets intro- 
duced earlier this year (see MATr. 
RIALS & METHODS, June ’57, p 192) 
offer the following advantages 
over copper wound electromagnets: 

1. Lower magnet cost. 

2. Cooler operation of the motor, 

3. Higher operating efficiency, 

4. Lower fabricating cost. 

5. Simplified motor design. 

It is claimed that the ceramic 
magnets do not become demagne- 
tized when opposed by strong 
armature fields in d.c. motors. In- 
dox I is especially suited for small 
d.c. motors whereas Indox V is 
suited for large motors of 10 hp 
or more. 


Noncritical Iron Alloy 
for Electrical Switches 


An iron - chromium - aluminum 
alloy has been added to Hoskins 
Mfg. Co.’s line of nickel-chromium 
resistance alloys for use in moder- 
ately high temperature resistant 
heating applications, such as small 
appliances. The company, located 
at 4445 Lawton Ave., Detroit 8, 
says the new alloy contains no 
critical materials and is relatively 
inexpensive. Designated Alloy 815, 
it is said to have high volume re- 
sistivity (815 ohm-cm), low spe- 
cific gravity and good resistance 
to oxidation. 

The alloy should be useful for 
certain “cold” resistor applica- 
tions such as defroster units, con- 
tact switches and rheostats. It 
should also be useful in industrial 
heating devices where continuous 
operating temperatures do _ not 
exceed 2150 F. 


Copper Electroplates 
Brighten in a Hurry 


Smooth and ductile copper elec- 
troplates that can be buffed as 
easily as gold can be obtained 


For more information, circle No. 419 > 
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METAL BONDED TO PLYWOOD 











in ae a 


ENCLOSURES 


... faster, cleaner installation | 


..- lasting finished beauty 
»-- complete accessibility 


Installing Met-L-Wood riser enclosures, air 


ducts, convector covers and paneling benefits |, 


everyone connected with the job: 

Architects and contractors plan on sub- 
stantial installation time savings and know 
that smooth, uniform Met-L-Wood needs only 
paint to finish after installation. 

Building management not only gets a clean, 
durable installation, fast; but is also assured 
of low-cost accessibility to pipes and other 
equipment without enclosure replacement ——~ 
expense. 

Met-L-Wood units are pre-formed, ready 
to install with minimum labor. When finished, 
Met-L-Wood sections match perfectly with 
conventional walls and ceilings. 

Whether you plan new construction or 
remodeling, write for literature now and 
learn all the advantages and economies you 
gain with Met-L-Wood. 





| 
MET-L-WOOD. 


CORP 0 RATA Gs 





. re one : _ 
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| 6755 W. 65th Street 
| Chicago 38, Illinois 
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with a new acid copper plating 
process called CuSol. The process, 
developed by Sel-Rex Corp., Nut- 
ley, N. J., consists of two special] 
addition agents that may be added 
directly to existing copper sulfate 
or copper fluoroborate baths or 
may be used to make up original 
baths. Among advantages claimed 
for the copper plating process are: 

1. It has good throwing power, 
affording evenly distributed de- 
posits even in blind holes. 

2. Bath may be operated over 
range of current densities from 5 
to 280 asf. 

3. When used for heavy de- 
posits, it eliminates the need for 
periodic reverse or “de-plating” 
methods in order to insure smooth 
deposits. 

4. The bath is particularly use- 
ful for printed circuits, since the 
acid solution does not affect plas- 
tics laminates as do cyanide solu- 
tions. 


Two Silicone Greases 
Operate at 600 F 


Two silicone greases have been 
developed to lubricate bearings at 
temperatures from —45 to 600 F. 
Designated ETR Grease B and 
ETR Grease D, the lubricants per- 
formed satisfactorily for 162 hr 
at 600 F in a test rig operating 
at 10,000 rpm. 

In addition to high temperature 
resistance, the greases have low 
evaporation rates, good water re- 
sistance and good mechanical sta- 
bility. The two greases were de- 
veloped by Shell Oil Co., 50 W. 
50th St., New York 20, to meet 
the high speed and high tempera- 
ture lubrication requirements of 
supersonic aircraft and missiles. 





SOURCES of most engineering mate- 
rials can be found in M/DE’s “Ma- 
terials Selector’ reference issue, pub- 
lished last September. Properties of 
all materi_': are also given. 














3/16 of an inch 
turns back 2500°F 


MICRO-QUARTZ eeethis new, lightweight insula- 


tion laughs at high temperatures—even beyond 2000°F. It’s especially 

useful where space and weight requirements are stringent, because it 

weighs only 3 lbs./cu. ft. And Micro-Quartz takes punishment in 

stride: keeps its fibrous form at high-temperatures—-stands up well 

under vibration. Other facts you should know: It’s boron-free, has low 

heat capacity and high thermal diffusivity, contains no organic binder. » : | = 
Micro-Quartz, in bulk or felt, may be the answer to your most per- _ seal 
plexing high-temperature insulation problem. For data write on your GLASS FI BERS 
letterhead to: L-O-F Glass Fibers Company, Dept. 37-38, Toledo 1, O. | 


L*O°*F GLASS FIBERS COMPANY ° TOLEDO 1, OHIO 
For more information, turn to Reader Service card, circle No. 429 
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YOU CAN 
SAVE TIME, 
TROUBLE 


AND COSTS 
with 


lZeyanatqve! 


Tubes... 


* Save Time 


We have a huge stock of dies 
and, when needed, tooling’s 
fast. We also avoid delays 
by making our own electric- 
ally welded steel tubing, sizes 
from 5%” to 3” OD. 


* Save Trouble 


Long, active experience with 
all tube forming processes 
and high standards of quality 
control make sure your orders 
will be completed right. 


* Save Costs 


It’s routine for formed tubes 
parts to deliver top perform- 
ance, save weight, cut costs. 
Steel, copper, brass, aluminum 
or stainless tubing fabricated 
in %” OD to 6” OD sizes; from 
20 to 11 ga. metal. 


Formed Tubes, Inc. 
305 Prairie, Sturgis, Michigan 


Write for FREE Booklet 
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184 « MATERIALS IN DESIGN 






ENGINEERING 
Formerly Materials & Methods 


Die castings—cont’d from p 12 





casting, a slower casting cycle 
would have been necessary and in- 


vestigation proved that mechani- 


‘al piercing was actually more 
economical. All 16 openings ire 
punched in a single operation. The 
entire cleaner unit, including a 
1-hp motor, weighs only 11% bb. 
According to Interstate P 
cision Products Corp., the follow- 
ing considerations led to the selec. 
tion of aluminum die castings: 1) 
the units had to have a pleasing 
design as well as accommodate the 
components of the cleaning sys- 
tem; 2) they had to be strong 
enough to outlast a 10-year guar- 
antee; 3) they had to be light in 
weight; and 4) servicing had to 


be easy. 


Honeycomb Absorbs Shock 


Aluminum 
densified 


honeycomb cores 
with foamed plastics 
make the best possible shock 
absorbers, according to Hexcel 
Products, Inc. The reason for this 
is that the collapse upon impact 
of the aluminum honeycomb takes 
the form of accordion folds. These 
folds in the cell sides (shown in 
the accompanying photo) start at 
one face and occur progressively, 
causing the core to collapse at a 
constant rate during impact. 
Most padding materials deform 
in a non-linear fashion; the more 
deformation, the higher the re- 
sistance to further deformation. 
An “ideal” shock absorber pro- 
vides a constant resistance force 
during its total deformation. The 
constant resistance to deformation 
demonstrated by aluminum honey- 
combs comes closest to duplicating 











the characteristics of an _ ideal 
shock absorber. 

This is shown in the accom- 
panying stress-strain curve for a 
typical honeycomb sample. The 
high initial peak represents the 
inherent strength of the core 
before failure has started; it is 
followed by a flat section, propor- 
tional in duration to the depth of 
the core, during which the accor- 
dion action takes place. The final 
high plateau occurs after the core 
material has been completely 
crushed and is effectively a solid 
block of aluminum. The initial 
high peak is undesirable because 
it may cause a momentary force 
beyond the design limits; in order 
to offset this, the core is deliber- 
ately deformed slightly before in- 
stallation in most applications. 

By densifying the honeycomb 






Accordion-type collapse of alu- 


minum honeycomb core accounts for 
its excellent impact absorbing char- 
acteristics. 


For more information, circle No. 500 > 
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Better Chains... 


BEGIN WITH 





CHAIN STEELS 
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PROTECTING JET ENGINE PARTS 
wee SICON Silicone Coating 








Operator masks end of combustion 
chamber with simple cardboard 
shields as he applies SICON finish 
to resist temperatures up to 800°F. 





This 3-35 afterburner shroud as- 
sembly has been masked at critical 
hole patterns and threaded attach- 
ments before being sprayed with 
SICON silicone coating. 


Write us about your problem. If a SICON formula- 
tion is indicated we will provide a sample based on 
color and temperature requirements. 





IDLAN wy 


EAST WATER ST., WAUKEGAN, ILLINOIS 
ENAMELS-SYNTHETICS-LACQUERS-VARNISHES 


HEAT RESISTANCE UP TO 
800°F. plus 
EASY APPLICATION 


An example of how SICON 
solves Finish Problems 
for Design Engineers. 


Jet engine parts made by Solar Aircraft 
are fabricated from special aluminized 
steel to meet conditions of extremely high 
temperatures. Certain welding operations 
destroy the aluminized surface, and at such 
critical points SICON was first adopted as 
a touch-up finish to renew vital protection 
needed. SICON proved stable under sear- 
ing heat tests due to its strong film adhe- 
sion and excellent heat resistance charac- 
teristics, also so easy and fast to apply that 
many parts are now given an all-over 
SICON coating. 

Rigorous heat tests have proved SICON 
best for many other products such as 
automobile manifolds, exhaust pipes, fur- 
naces, and heaters. SICON is easy to apply, 
by brush, spray, or dip, to any chemically 
clean surface; and in many cases can be 
either air-dried or baked. 

Decorative colors for lower temperature 
needs—whites, beiges, tans, and other 
shades, all with excellent retention of 
color and gloss in the 550°F. range, are 
now available. 


Dept. C-l 


For more information, turn to Reader Service card, circle No. 451 
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Dynamic measurement of alum’- 
num honeycomb core collapse shows 
nearly constant stress with increas- 
ing strain after initial strength « 

core has been overcome. Slightly de- 
forming the core material befor 
impact eliminates initial peak load 
and displaces ordinate axis to 0’. 


core cells with foamed plastics, 
the stress-strain ratio can be in- 
creased without altering the flat 
curve response of the deformation 
curve. For example, aluminum 
with %-in. cells made up of 
0.0015-in. wall thickness has a 
crushing strength of approxi- 
mately 350 psi. Filled with foam, 
the same. structure’s crushing 
strength is increased to about 
2500 psi. 
Applications 

Potential applications for alu- 
minum honeycombs include crash 
helmets, barriers on ground run- 
ways and earriers, mounting 
panels for electronic hardware, 
ete. Specific applications now 
under test include expendable 
shock absorbers behind automo- 
bile bumpers; dashboard crash 
panels; protection for crates and 
packages for heavy parts; and 
pallets for emergency air drops. 


Special Glass Insulation 
for Underground Pipe 


Without sacrificing strength, 2 
new type of underground insu- 
lated pipe conduit is said to be 
50% lighter than previously used 
corrugated galvanized steel, and 
to be unaffected by moisture or 
corrosive electrolytic action of the 
earth. Called Temploc and pro- 
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NEW FROM DU PONT RESEARCH 


Remarkable, resilient FAIRPRENE performs 
continuously to 500F: resists fuels, 
| lubricants, solvents and harsh chemicals 































PHYSICAL PROPERTIES 


Original After 72 hrs. in dry air at: 
450°F 500°F 


maintenance of basic properties to 500°F. . ’ . . 
ai “Viton” A*, mail the coupon—no obligation. 


IMMERSION TESTS 


Fluid or Fuel Specification Temperature level—°F Volume swell—% 
JP-4 Fucl (Kerosene-base jet fuel) 212 1.7 
JP-5 Fuel (Kerosene-base jet fuel) 350 5.9 
Univis J43 Hydraulic Fluid (Oil type) 500 5.9 
Turbo Oil #15 (Diester-type lubricating oil) 500 16.0 
ASTM #3 Oil (Petroleum base, low aniline point oil) 500 8.5 
ASTM #1 Oil (Petroleum base, high aniline point oil) 500 0.0 
0S45 (Silicate ester base hydraulic fluid) 350 6.5 
SR6 (High aromatic test fluid) Room Temp. 3.4 
SR10 (High aliphatic test fluid) Room Temp. 0.0 
Benzol (Basic aromatic hydrocarbon solvent) Room Temp. 19.3 


Tests were made on new ‘‘Fairprene’”’ fluoroelastomer sheet stock of .043” gauge and 24” width. 
Information on fluids or fuels not included can be developed by our laboratory on request. 


so selene tates 
Bn 


Now, Du Pont research has developed an elas- 
tic, resilient material—‘‘Viton’’ A fluoroelasto- 
mer—with remarkable high-temperature and 
chemical resistance. In tests, ‘“‘Fairprene’’* sheet 
stocks and coated fabrics of this new material 
for gasketing and diaphragm show excellent 


Tensile strength 1410 1270 1173 # maintenance of basic properties at 500°F. This 
Elongation, Ultimate,% 200 153 153 i new ‘‘Fairprene’’ resists acids, alkalies, ozone 
Durometer, Shore A 75 75 80 ie and weathering. It resists swelling and deterio- 
_ ration in solvents, oils, lubricants and fuels. For 

Tests were made on new ‘‘Fairprene”’ fluoroelastomer sheet ie more information about these new ‘‘Fairprene”’ 
stocks of .043” gauge and 24” width. Tests show excellent sheet stocks and coated fabrics of amazing 





***Fairprene’’ is Du Pont’s registered trademark for its coated fabrics, sheet stocks and 


DU PONT INDUSTRIAL cements. ‘‘Viton” A is Du Pont’s registered trademark for one of its synthetic rubbers. 
COATED FABRICS Mail coupon now for more information about new “Fairprene” with amazing “Viton” A 


E. I. du Pont de Nemours & Co. (Inc.) 
Fabrics Division, Dept. MD-83, Wilmington 98, Delaware 


Please send me more information on this new ‘‘Fairprene’’ with remarkable 
high temperature and chemical resistance. 


SHEET STOCKS - CEMENTS 














Name Position 
Company 
igetenneatail Address 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
City State 
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DESIGN HISTORY IS BEING MADE 


hy modern gray & ductile iron castings! 


American Cyanamid Co. 
Insulated pipe for underground sys- 
tems. 


duced by Temploc, Inc., the pipe 
is also said to be about 20% less 
costly than steel pipe. 

The pipe, used for underground 
steam and hot water systems, is 
insulated with fibrous _ glass. 
Around the glass insulation is a 
jacket of spirally-wrapped glass 
cloth-reinforced polyester resin 
which is built up over a sheath of 
kraft paper. 

An 8-in. pipe weighs 31 lb per 
ft; an equivalent galvanized stee] 

shell, tar-insulated pipe weighs 60 
Four lb per ft. The insulated pipe and 
Winners fittings are available in sizes cus- 


1957 GIFS 


Contest Almost every day design history is being made 
by gray and ductile iron castings! Modern metal- 
lurgy is providing gray irons with new highs in 
properties ... new molding techniques are pro- 
ducing castings with better surface finish and 
closer dimensional accuracy. Such outstanding 
developments are causing engineers to consider 
gray and ductile iron first in designing products. 
Write for the GRAY IRON CASTINGS HAND- 
BOOK. Save money by learning more about 
this remarkable material. 
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GRAY IRON FOUNDERS’ SOCIETY INC. 


i 

i 

i 

i National City-Eas? Sixth Building Silicon diode resists fire—The 
: Cleveland 14, Ohio 25-amp Westinghouse silicon diode 
: C1 $10 enclosed 0 bill after 10 days shown in the photo above was am 
stalled in an oil-immersed cathodic 
protection rectifier used to prevent 
Name Title galvanic corrosion of oil pipelines 
near a Texas refinery. Exposed to a 
Company forest fire, the rectifier was com- 
pletely burned out, the 11-gage steel 
Address case was badly warped and the oil 
burned—but three of the silicon di- 
City Zone State } odes retained their original operating 


ee -- -- ~ = --- characteristics. 
TIME TO DESIGN WITH GRAY IRON CASTINGS 


For more information, turn to Reader Service card, circle No. 540 
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Strip, feeding continuously from a coil of Armco ZiNcGRIP 
is formed into shape for a 4-ply lock in a series of rolls. 
Then the strip wraps about a revolving mandrel. Powerful 
rollers press the seam into a tight, permanent lock. 


> 


Here’s in-shop evidence that the zinc coating on Armco 
ZINCGRIP® Steel clings tightly during severe fabrication. 


This machine forms sheet metal into conduit with a continuous 
spiral lockseam. Few fabricating operations could provide so 
severe a test for a zinc-coated steel. But Armco ZINCGRIP Steel 
meets every requirement. Its special hot-dip zinc coating 
doesn't flake or peel. 

This complete zinc protection is doubly important for the 
conduit. It not only wards off rust when exposed on construc- 
tion sites, but resists corrosion in areas within buildings where 
maintenance is difficult or impossible. 

If your products require drawing, forming, lockseaming, or 
any other severe fabrication, you can rely on Armco ZINCGRIP. 
Just fill in and mail the coupon for full information about this 
workable, zinc-protected steel. 


in this continuous lockseaming operation... 


linc coating on Armco ZINCGRIP Steel doesn't flake or peel 








Other Armco Steels for top-quality products include 
ZINCGRIP PAINTGRIP®, Stainless Steels, ALUMINIZED STEEL, 
Cold-Rolled PAintGriP, Enameling Iron, Steel Tubing, 
Electrical Steels, High Strength Steels, Long Ternes, and 
high-quality Hot- and Cold-Rolled Sheets. 

















| ARMCO STEEL CORPORATION | 
7 1348 Curtis Street, Middletown, Ohio 
| SEND complete information about Armco ZinccrIP. | 
: Name Title ; 
7 Firm 
: Street 
| City Zone State | 

se 
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ARMCO STEEL [J \sicy 


ARMCO STEEL CORPORATION «+ 1348 CURTIS STREET, MIDDLETOWN, OHIO 


SHEFFIELD DIVISION + ARMCO DRAINAGE & METAL PRODUCTS, INC. 





For more information, turn to Reader Service card, circle No. 444 
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* THE ARMCO INTERNATIONAL CORPORATION 
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- 82% saved... 

: breakage stopped... 
- adjustability 

gained through 
NMalieable Iron 







...all this 
achieved by 
Oliver Corporation 

for one part in their 
cotton stripper machine 


This 30” tooth and 19 others like it in an Oliver Cotton Har- 
vester, strip the cotton bolls from field plants. It is an unusual 
casting, only 4” thick at the widest point except the mounting 
shank. Since making it of Malleable Iron, Oliver has saved 
82% on the cost of each tooth, or $136.00 per harvester. 
The cotton farmer benefits two ways: the tough malleable 
teeth do not snap off; and the improved mounting method now 
possible enables him to adjust their spacing for different types 
of cotton. None of these malleable teeth, formerly made of another 
material, have broken in the harvesters built since their adoption. 







strengthened—improved in appearance—re- 
4) duced in cost, by manufacturers in many 
|, industries. Write for our Value Analysis 
Ml brochure, filled with examples. 





1800 Union Commerce Building Cleveland 14, Ohio 
For more information, turn to Reader Service card, circle No. 378 
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tural and engineering specific 
tom-cut to meet specific architec- in 
tions. The outer covering can be 7 ‘7 
applied to any type of insulation 

and pipe including iron, steel, cop- 

per, brass, etc. 


Nickel Bellows Prove 
Superior to Stainless 


Bellows for high temperature, 
high pressure applications are 
now being made of Inconel and 
Inconel X—two nickel-chromium 
alloys. Chief reasons for the selec- 
tion of nickel are said to be its 
exceptional strength and resist- 
ance to corresion at high tempera- 
tures. 
Results of tests conducted to 
determine the durability of the 
new bellows indicate that they 
should have a life expectancy 
three times greater than similar 
bellows made of stainless. A four- 
ply Inconel bellows of 2-in. o.d. is 
said to be capable of withstanding 
1000 psi at room temperature. 
Under certain conditions, the bel- 
lows may also be used at tempera- 
tures as high as 1500 F. 
The bellows are available in a 
variety of sizes from 15/32 to 12 
in. o.d. and in single to four plies ] 
(see photo). Smaller sizes are 
seamless; larger’ bellows’ are h 
C 


welded. 


Roberts aw-Fulton Controls Co. g 
Nickel bellows are available in a 
variety of sizes. 




















SVTOUR TRENTWELD TUB- 
ING is furnished in ten basic 
cla:sifications: Pressure Tub- 
anc, Mechanical Tubing, 
Aircraft Tubing, Heat Re 
sisiant Tubing, Orna- 
mental Tubing, Sanitary 
Tubing, Beverage Tub- 
ing, Large Diameter 
Tubing,Shaped Tubing, 
and Formed Tubing. 
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TRENTWELD tubing is equal in strength and 
has more uniformity than tubing made by any 
other method of manufacture 


Trent offers tubing in sizes ranging 
from %” to 40” O.D. and in a wide 
range of grades. These include: 
Hastelloy,* Zirconium, Zircaloy, 
Titanium and 19-9-D! grades. All 
are made by an exclusive welding 
process—Contour Trentweld®—which 
virtually eliminates the bead. Fur- 
thermore, by cold working and an- 
nealing after welding, Trent makes 
the weld equal in strength and corro- 
sion resistance to the parent metal. 
To insure that Trentweld tubing 





is of the highest quality attainable, 
a rigorous quality control program 
is carried out. Samples of each lot 
are tensile tested. Periodic tests — 
flattening, reverse bend, flare and 
flange, coil, and pressure — are 
conducted. Rigid corrosion tests are 
made on all lots intended for corro- 
sive applications. When requested, a 
unique “single-wall’’ X-ray inspec- 
tion is made as your final assurance 
of a sound, uniform product. 

Why not take advantage of Trent 


For more information, turn to Reader Service card, circle No. 470 





quality when you order stainless or 
high alloy tubing? For further in- 
formation, write for the Trent tubing 
handbook, Trent Tube Company, 
East Troy, Wisconsin. 


*Trademark of Haynes Stellite Co. 


TRENT 
TUBE 
COMPANY 


Subsidiary of Crucible Steel Company of America 


GENERAL OFFICES: EAST TROY, WISCONSIN 
MILLS: EAST TROY, WIS.; FULLERTON, CALIF. 
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How CDF Di-Clad 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 





Di-Clad 112T. A Teflon* glass-fabric laminate offer- 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application. 





eee ee aaa a i a a tTrademark of Continental-Diamond Fibre Corporation 
j *Du Pont trademark for its tetrafluoroethylene resin. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Batt COMPANY «+ NEWARK 25, DEL. 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, 
flexural, compressive, and impact strength. Adequate for most non-critical 
printed-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. 































































































TYPICAL Di-Clad PROPERTY VALUES 
= See Hay ae = | Di-Clad 26 Di-Clad 28 | Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) | (NEMA XXXP) | (NEMAG-10) Teflon* 
BOND STRENGTH—0.0014” foil (Ibs. read. | tat: . | 6 to 10 6 to 10 8 to 12 4to 8 
to separate 1’’ width of foil from laminate) 
MAXIMUM CONTINUOUS OPERATING 120 120 120 150 200 
TEMPERATURE (Deg. C.) 
DIELECTRIC STRENGTH (Maximum voltage 800 900 850 650 700 
per mil for 1/16” thickness) | 
INSULATION RESISTANCE (Megohms) 96 500 150,000 600,000 100,000 | 75,000 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) 
DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 J 3.6 49 | 2.6 
DISSIPATION FACTOR 10° Cycles 0.040 0.026 0.027 0.019 0.0015 . 
ARC-RESISTANCE (Seconds) 5 10 10 130 180 
TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 23,000 
FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 70,000 13,000 
IZOD IMPACT STRENGTH edgewise 0.80 0.45 0.42 12.0 6.0 
(ft. lbs. per inch of notch) 
COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 25,000 62,000 20,000 
BASE MATERIAL OF LAMINATE Paper Paper Paper Medium-weave, Fine-weave, 
medium-weight medium-weight 
glass cloth glass cloth 
COLOR OF UNCLAD LAMINATE Natural Natural Natural Natural Natural 
greenish 
All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 











*Du Pont Trademark 


For more information, turn to Reader Service card, circle No. 519 
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PRICES 





ar ... AT A GLANCE 
Ww 
: STEEL CONSUMPTION IN 1958 WILL JUST ABOUT EQUAL THAT OF 1957, according 


to B. C. Estes, director of staff administration, U. S. Steel Corp. 
However, steel production during 1958 should decrease by about 5%. 
‘. Reason for the disparity is that steel consumers are expected to utilize 
- a good portion of their inventories this year. 


5 - « - AND STEEL PRICES ARE HEADED FOR A $7 PER TON INCREASE this summer, 
according to Avery C. Adams, president, Jones & Laughlin Steel Corp. 
At midyear, steelworkers will receive an additional wage boost under 
their three-year contract with steel producers. W. W. Holloway, 
chairman of Wheeling Steel Corp., says that the steel price increase 
of $6 per ton put into effect last July was "wholly inadequate" to 
cover wage boosts at that time. 


RUBBER CONSUMPTION IN 1957 REACHED THE SECOND HIGHEST TOTAL for any year, 
according to Rubber Manufacturers Assn. Total use of new rubber in 
1957 amounted to 1,475,000 long tons, as compared to 1,436,482 in 1956. 
In 1955, the record year, a total of 1,529,699 long tons of rubber 
were consumed. Based on the present rate of increase, RMA estimates 
that by 1960 U. S. rubber consumption will reach 1,635,000 long tons 
annually. 


PRICE OF PLATINUM HAS BEEN REDUCED AGAIN by Baker & Co. This latest 
reduction lowers the price from $82-87 to $77-80 per oz; last 
July the price of platinum was decreased by $3 per oz. Reason 
for the present reduction seems to be a falling off of demand to 
levels considerably below present supply, especially in the oil 
refining industry. 


THE PROPORTION OF SYNTHETIC RUBBER USED continues to increase. In 1955, 
the ratio of synthetic rubber use to total rubber use was 58.50%; in 
1956, it was 60.87%; and in 1957 it rose to more than 63%. Actual 
figures for 1957 show synthetic rubber consumption of 954,000 long tons, 
as compared to 541,000 long tons of natural rubber. 


HIGH GRADE ZIRCONIUM SPONGE for nuclear reactors is now available for 
immediate delivery at the lowest price yet, according to Niles 
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C. Bartholomew, vice president of Carborundum Metals Co. The new 
price, representing the third major reduction in the last four 
years, is $7.50 per lb for 100-lb lots—approximately one-third 
the 1953 price. 


COPPER PRICES CONTINUE TO DROP despite earlier indications of a reversal. 
Toward the latter part of January, custom smelter price dipped to 
24¢ per lb. Almost simultaneously, Phelps Dodge Corp., the nation's 
second largest copper producer, cut its Arizona mine production by 
1700 tons amonth. "Decreased demand for the metal" was given as the 
reason. In 18 months Phelps Dodge has made four production cuts 
totaling 22%, or roughly 5100 tons a month. 
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@ Although plastics production 
went over the four billion pound 
mark for the second year in suc- 
cession, there is every indication 
that a leveling off period has now 
set in. 

According to the Society of the 
Plastics Industry, Inc., total pro- 
duction in 1957 amounted to 
4,387,000,000 lb, or an increase of 
only 7% over the 4,124,000,000 Ib 





1958. Figures for 1958 based on SPI estimates. 
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basic plastics. 


produced in 1956. Production in 
1956 ended up 10% higher than 
production in 1955, and produc- 
tion was 30% higher in 1955 than 
in 1954. For 1958, SPI estimates 
an increase of only 1 or 2%. 
Statistics on the sale of molds, 
generally regarded as an indica- 
tion of future trends, show an 
increase in 1957 of only 214% 
over 1956, as contrasted with a 
16% increase in 1956 over 1955. 


ENGINEERING 


Plastics Production Up in ’57, Will Level Off in ’58 


1957 developments 
Although the plastics “boom” 
seems to have been slightly low- 
ered, several interesting develop- 
ments took place in 1957. For one 
thing, 1957 marked the beginning 
of the commercial availability of 
high density polyethylene. Accord- 
ing to SPI, the availability and 
wide use of this new material may 
very well have been responsible 
(continued on p 202) 
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Prices of Materials 


Changes since last month are bold-faced 






























THERMOPLASTICS 
NONMETALLICS 
Pri large ntities ange Molding | Sheet Rod Tube 
pes pat yi ie gli Py Material Compounds |(.030-.250 in.) 
ee ’in. | win. | Y-Min, | %-1% in, 
Acrylic 51-.59 49-2.15 90-1.15 | 80-90 | 1-1.15 90-1 
RUBBER iceman - Te 1 - PR 
- Cellulosic | | 
Acetate..... .36-.65 92-1.16 15-1 65-75 | 85-1 | .75-.85 
vicmasten " men Butyrate...... 50-.72 11.28 | .95-1.20 | .85-.95 | 1.05-1.20 |  .85-1.05 
Butadiene-Acrylonitrile .49-.65 46-54 = : 
Butadiene-Styrene. .17-.30 .22-.32 ait ' 51. 63 1.60-2.73 1.45-1.75 2.25-5.00 
Butyl 23-.28 Se ropionate.... 5l-. é; io | ie 
Neoprene®. 39-75 .37-.47 Pe — * —s ‘Saeco 
Silicone*.. . 1.90-4 — Fluorocarbon 
Polysulfide* 47-] 70-.92 catia ey 7-8 15-23 18-22 14-20 20-22.50 16-20 
Natural 29b i me Sidi: seashhiod — ns ” Lie, Gen on “dl “3 ” 
iLess than carload quantities. Nylon 1.18-2.30 a 3 | 3 3 3 
bAverage spot price for month of Jan. Polyethylene .35-.56 85-1 15-1 |  .65-.75 85-1 .15-.85 
Polystyrene .26-.44 57-.61 65-.90 .55-.65 .15-.90 .65-.75 
Vinyl .27-.43 .62-.92 75-1 | .65-.75 85-1 .15-.85 


GLASS FOR REINFORCED PLASTICS 





Fabric ($/yd 38 in. wide)* 




























































112 Woven........ 48 
181 Long-shaft satin weave 1.03 
— 1.00 NONFERROUS METALS 
Continuous........... 40 Mill base prices for large quantities; given in $/lb except where indicated 
Continuous spun strand .36 
Continuous chopped spun 38 ALUMINUM LEAD 
Milled fibers (1/32-% in.)* 45 
Mat er nT ee .26-.28 Common Grade. 13 
Chopped strand (2 in.)*." 52-.72 Ingot (99-99.9%)...............008. .28-.30 
Surfacing ($/1000 sq ft)< 10-19 Foil (5-0.5 mil) 55-.77 
Continuous chopped strand Alloy Ingot (13, 43, Al32, 214) .29-.32 
(4-2 in.) 40 Sheet (1100, 3003; 3-0.03 in.)* .. .43-.47 MAGNESIUM 
= eT SE ae Plate (1100, 3003, 5050, 3004, 5052)". . .40-.43 
: Sum pores nag o ind nish. ! ; Pig (98.8%) 35-.36 
00.010-0.020 in. thick. Mill finish. Ingot (98.8%)... 36-.37 
AZ91B Ingot (die casting) 37 
GRASS AZ9IC ingot (sand casting) 4l* 
THERMOSETTING PLASTICS alist aii 
Cart., Low, Red, a 
. | ae Form 10% | 80% | 85% 
Molding | Lawinating, 
Material Compounds | Casting Resins Sheet, Strip (ae AS 46 NICKEL 
| Seamless Tubing. .| .46 48 49 | 
Alkyd.........]  .34-.53 — Rod (not f.c.)......] 44 45 AG Form upn “a” | Monel 
a ior ye Wire 43 45 AG | 
elamine.....|  .42-. 40-. ‘ 
Phenolic... 21-40 17-34 ~ opeaderiiaae Basal Bio Bee: 3 
Polyester... ... 42 .32-.50 COPPER Sheet,C.R.......1 — | 1.26 1.06 
Silicone... .... 2.75-5.40 1.55-1.74* OS See ae 124 | 108 
a a * _ Ingot (elec) TAA cd dedi ckawtdes xa 25 Seamless Tube... — | 157 | 129 
260% solids content. Sheet, Strip (hot rolled)............. 48 , 
' Seamless Tubing.................-. 48 aDelivered price. 
EES cic cidanaccnhnudens 45 
Rod, Free Cutting................... 57 
Wire TIN 
All prices are approximate and given ae ee .30 , . 
solely for general guidance of those ae Rectangular............... 7 te A id Bi a 


responsible for materials selection. 




































aDelivered price. 
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Protect Gear Trains and Equipment with a gear made of Taylor Laminated 
Plastic. This unit will act as a safety valve, localize the effects of destructive 
forces. Yet, under normal conditions, the gear will outwear metal ones. 


Put a safety valve 
In your gear train 


A gear made of Taylor Laminated Plastic Silent Gear 
Stock will localize damage due to destructive stresses, 
yet outwear metal under normal operating conditions 








What gives when gears jam—the power train, the equipment they are in, 
or a single easy-to-replace gear? It can be the single gear when you install 
one made of Taylor Laminated Plastic Silent Gear Stock as a safety valve. 
This gear will localize the destructive forces and can even disintegrate— 
but the other gears in the train, and the equipment, will be fully protected. 
Yet under normal operating conditions this laminated plastic gear will 
outwear the metal ones. 

Taylor Laminated Plastic Silent Gear Stock is made in several grades. 
Each has physical and mechanical properties that make it particularly 
adaptable to such application as gears, cams, pulleys, pinions, flat springs, 
and bearings. 

Look into the advantages of Taylor Fibre Co. and its facilities for pro- 
ducing laminated plastics in mechanical, electrical and combination grades 
and parts fabricated from them. At your disposal will be engineering assist- 
ance and the convenience of integrated operations at both plants—Norris- 
town, Pa., and La Verne, Calif. Contact TAYLOR FIBRE Co., Norristown 
41, Pa., for complete information. 


TAYLOR 


= Laminated Plastics = 28 
"Vulcanized Fibre= ern 


PHENOLIC-MELAMINE-SILICONE-EPOXY LAMINATES e COMBINATION 
LAMINATES e COPPER-CLAD LAMINATES e VULCANIZED FIBRE 








For more information, turn to Reader Service card, circle No. 416 
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TITANIUM 
Sponge (99.3+%).. 1.65-2.5 
Ge xa chake 6.15-6.4 
ee 8.00-10. 
IRENE ere erate 9.50-11.1 
Wire. TERRI ok vaca Ree 
ZINC 
Prime Western 10% > 
Die Casting Alloys* ar .13-.14 
Sheet. .... : 24 
SS: J Share ee) j 2 21 
, ren a 19 





aAlloys 2, 3, 5. bDelivered price. 


METAL POWDERS 








Aluminum *-» a 
ed re 31-.38 
Copper (elec or red.)* .......... 4) 
Molybdenum (98%)............. 3.80-4.10 
ae aetereee 1.05 
Tantalum eToree. 
Tungsten (C- red. 98. g0z - 

H.-red. 99+%) .. 3-de 
Zirconium 

Flash Grade | Te 

Electronics Grade. . 15 
aPrice for 100 mesh. cDelivered price 


bFreight allowed. 


OTHER NONFERROUS METALS 





Cadmium (bars) 1.55 
Columbium 55-85 
Gold SEER peeps $35/troy oz 
Indium (99.97+%)............. $2.25/troy oz 
Manganese (99.9%). .......... 348 
Palladium. . . ? $19- 21/troy oz 
Platinum. ... ......$77-80/troy 0z 
Silver. . , _., 89-91¢/troy oz 
Tantalum (sheet, rod) 55-60 
RE ee ae 80 
Zirconium (sheet, strip, bar) 25-35 





aDelivered price. 


IRONS AND STEELS 
Mill base prices for large quantities 


SEMIFINISHED STEEL ($/net ton) 





EPP a re ere 77 
Billets, Blooms, Slabs 
Carbon, Re-Rolling............... 77.50 
Carbon, Forging......... b enkees 96 
I oii ass Sancinnseeneas 114 
Seamless Tube Rounds......... 117.50 
DIF Pe RENE $6. 15/cwt 





(continued on p 198) 
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Engineering problem: 


Pressure -tight fastening of transit cases 


The solution: 


A specially modified 


Applied Design Company 
engineers worked with 


Simmons to develop this successful 


LINK-LOCK application 


Simmons LINK-LOCK, with design modifica- 
tions developed in cooperation with the Engi- 
neering Department of Applied Design Com- 
pany, Buffalo, New York, resolves special 
closure requirements in rigidly specified transit 
cases like the aluminum equipment container 
shown. 


Here, the bowed LINK-LOCK engagement 
blade provides the double advantage of main- 
taining constant fastener pressure and permit- 
ting considerable mounting tolerance. This con- 
tainer is just one of many important products 
in which Applied Design specifies standard and 
special Simmons Fasteners. 


Here’s why LINK-LOCK is ideal for use on 
military cases produced to exacting specifica- 
tions as well as on inexpensive commercial con- 
tainers: 


e Impact and shock resistant (positive-locking). 

e High closing pressure with light operating 
torque...insures pressure-tight seals where 
required. 

e Available in 3 sizes, for heavy, medium, and 
light duty. 

e Compact design...lies flat against case even 
when unlocked. 

e Opening and closing by wing-nut, screwhead, 
or hex nut. 

¢ Flexible engagement latch design...can be 
varied to suit different conditions. 


Also available: Spring-Loaded LINK-LOCK. 
Ideal for the less expensive containers where 
costs won’t permit precision production. Spring 
provides take-up to compensate for set in gas- 
keting, irregularities of sealing surfaces, and 
mounting inaccuracies. 


SEND TODAY for the Simmons Catalog for 
complete information and engineering data on 
LINK-LOCK and other Simmons Industrial 
Fasteners. Engineering service is available; out- 
line your particular fastening problems. Sam- 
ples on request. 


LINK-LOCK 





Twelve special loop-blade LINK-LOCK fasteners are used in this 


aluminum transit case designed by Applied Design Company. 








Standard No. 2 LINK-LOCK (Medium-Duty). Available with screw- 
head, wing-nut as shown, or hex nut. 


Visit us at Booth 1020 

DESIGN ENGINEERING SHOW 
International Amphitheatre, Chicago 
April 14-17, 1958 


SININIONS 


FASTENER CORPORATION 


1759 North Broadway, Albany 1, New York 


QUICK-LOCK * SPRING-LOCK * ROTO-LOCK * LINK-LOCK * DUAL-LOCK * HINGE-LOCK 


See our 8 page catalog in Sweet's 1958 Product Design File 


For more information, turn to Reader Service card, circle No. 386 
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FINISHED STEEL ($/cwt) 









































High Str 
Form Carbon | Low Alloy Alloy 
Plate.......1 510 | 762 | 720 — 
Sheet, H.R. < SR Ge a ee 
Sheet, C.R. 6.05 | 8.97 
Strip, H.R...] 492 | 732 | 8.10 
Strip, C.R. 7.15 10.65 | 
Bar, H.R. 542 | 792 | 647 
Bar, C.F. 730 | | 8.77 SI 
STAINLESS STEELS (S$/Ib) 
Forging) H.R. | Sheet, 
Material | Billets; Bars | Plate | Strip 
Austenitic 
301, 302, 
302B, 303, | 
304, 305. . .|.38-.41 | .44-.48 | .46-.51 | .51-.59 
321"......| 47 | 56 | .60 | .66 
3475......) 56 | 65 | 70 | 80 
Martensitic 
410"......} .28 | 34 | 35 | .40 
4ig........1 .29 | 34 | 35 | 47 
403......... 32 | 38 | 40 | 48 
420,440...) 34 | 41 | 45 | .62 
Ferritic 
405, 430, 
430F*...| .30 | .34-.35 | .36-.38 | .41-.47 
442..... 32 | 38 | 40 | .56 
431........) 30 | 35 | 46 | 54 
446........) 38 | 45 | 46 | 67 
These are Duraloy Shell Molded 180° Bends. And inciden- ae eaenees TERED | 
e . . . ig n 
tally, several different alloying combinations of chrome 20025...) 37 | 43 | 45 | .49 
iron and nickel are represented in these bends. Sasi | _ 
; : 304L | 48 | 56 | 59 | .63 | 
One of the outstanding values in shell molded castings is 316L.......] 70 | 81 | 85 | 89 
the higher precision or close tolerance casting ... also cit ..\-... Latah 
usually less machining and finishing . . . than when pieces 17-7PH 66 73 | 85 | 
PH 15-7 Mol .86  .93. lll | 1.16 





are cast statically. For quantity production it is usually 
more economical. 


*Ingot price approx 60% of billet price. 


PME este te WR  w rae ee 





We suggest that you investigate shell molding for your a1 4 Ste tar aes rodasmedl 
high alloy casting requirements. It has much to offer and en -atysay ee 10-.11 
h | facilities f ki . Electrolytic Iron 
we have complete tacilities tor taking care of your require- Annealed (99.5%)............... 37 
ments. Should other casting methods—static or centrifugal Unannealed (99+7%)............ 36 
opens Stainless Steel 
be better, we have these facilities, too. Ee 1.02 
ny SOE) pes Fy aan ER 1.20 





aPrice for —100 mesh. 





OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 65-66 
ATLANTA OFFICE: 76—4th Street, N.W. mad > firtei si trian steen td ; 
CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 


IRON (S$/gross ton) 








(continued on p 200) 
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THE PROCESS 


AS THE BASE METAL 


‘ INSIST UPON 


THE 
‘S R° a° Ro Re/ ee 4 n  - 


YOU CAN’T GO WRONG 
7 on any of these three counts: 


DIE-CASTING as the forming method offers numerous me- 
chanical and economic advantages over other methods of 
manufacture. 


ZINC as the base metal produces die-castings with property 
values superior to those of the other die-casting metals in many 
categories. 


BUNKER HILL, the pioneer and still a leading producer of 
99.99+ % high purity zinc, provides the die-caster with ex- 
ceptionally pure zinc, the best available. 





The American Zinc Institute, 60 East 42nd Street, New York 17, 
New York, has available a very interesting 28-page brochure, 
“Die-Casting-Molten Metal to Finished Part—Direct.” We sug- 
gest that you send for it. It contains helpful technical information. 











SALES OFFICE FOR PACIFIC COAST THE BUNKER HILL COMPANY 660 MARKET STREET, SAN FRANCISCO 4, CALIF. 


BUNKER HILL 99.99% ZINC 


EASTERN SALES AGENTS ST. JOSEPH LEAD COMPANY 250 PARK AVENUE, NEW YORK 17 






For more information, turn to Reader Service card, circle No. 373 
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Available Now!! 
Reprints of 


Because of the great demand for the well-known Manuals that are 
widely used for reference purposes, MATERIALS IN DESIGN 


| ENGINEERING Manuals have been reprinted for your use. These 


AN ee cere ome nme 


outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials and finishes. 


The price is right! Only 35¢ for each reprint. On quantity orders, 
discounts are offered. To obtain your copies, indicate in the handy 
coupon below the Manuals you want. Orders will be filled as long 
as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- 


_ matically each month in the future? If you are a subscriber to 





MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00 per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


Vv Quantity VY Quantity 
..Wrought Phosphor Bronzes .Electroplated Coatings 
....Carbon and Low Alloy Steel Castings ...Materials for Nuclear Power Reactors— 
...Carburizing of Steels PRICE 50c 
...Malleable Iron ne ....Materials for Electrical Contacts 
.... Engineering Copp ...Gray lron Castings 
.... High-Strength, foe Alley Steels ...How to Select ma Specify Glass 
...Nuclear Radiation ....Nickel Silvers 
....Close Tolerance Castings ...Hard Coatings and Surfaces 
....Clad and Precoated Metais .... Selecting Piastics Laminates 
....Wrought Non-Leaded Brasses ....Hot Forged Parts 
... Silicones—Properties & Uses .. .Solid Electrical Insulation Materials 
.. Short Run Press Formed Parts ....Fluorocarbon Plastics 
....Finishes for Plastics ....Magnesium and Its Alloys 
....How to Select a Wrought Steel ....Conversion Coatings for Metals 
.... impact Extruded Parts ... Synthetic Rubbers 
...Finishes for Metal Products .... Titanium 
....Nodular or Ductile Cast Irons ....Materials for Gears 
.... Industrial Textile Fibers ...Mechanical Tubing 
..Wrought Aluminum Alloys ...Joining & Gasheaine Plastics 
.. .Pressure Sensitive Tapes ....Aluminum Alloy Castings 
....Foam Plastics .... Thermal Insulation Materials 
RE corti oecervecvocevecnreceecqnorsoresencconeseessedéoupesodes cab 6td Ven eeetosseeens sexes: 
CRMNOT 8 Fedo k MS end SNiwecdidcccecubince cece cdbiccd estou cs ebscesebesecbe sce vedescccicccsccece 
Ch i tte eae ch tinh 556heh bie bse eee ips chad htA-4.n 2 gbh aes eoe> -46909%004646 06%) 0608 6% 
GOP fo cccwscdepwesrrtbacepecomechdend dnccedcoses cocetouesedccsscuce BE swnencbdedidhtmetedeccoeseces 


[_] Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to be put on your mailing list to receive 
each future Manual, when reprinted. Please start with the 
15 ink Way's 6s Mn issue. Upon receipt of your invoice, I will pay 


$4.00 for a year’s supply. 
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CLAD STEELS (¢/Ib)> 











Cladding Metal 10% | 15% | 2 
Stainless 
304 38 42 4 
304L 4] 45 5 
316L 49 55 6 
321 40 45 49 
347 42 48 5 
430 30 33 37 
Inconel 60 70 8] 
Nickel 52 62 73 
Monel. . 54 64 74 





aPrices given for three cladding thicknesses 


TIN PLATE (S/base box 





Hot Dip (1.25-1.50 Ib) 10.05- 10.30 
Electrolytic (0.25-0.75 Ib) 8.75- 9.40 














FINISHES AND COATINGS 


ORGANIC COATINGS 























Avg 
Thk | Mils | Cost, 
Material per | Re- | ¢/sq 
Coat, |quired*|ft/dry 
mil mil 
VARNISHES, ENAMELS 
Short Oil Phenolic 
Varnish 1.0 10 | 1.5 
Enamel 12 | 10 | 1.75 
100% Phenolic 1.0 1.75 
Straight Oil-Modified 
Alkyd. . 135 1 15 
Alkyd-Amine (90-10)...) 1.5 | 15 | 1.75 
Alkyd-Phenolic (50- 50). 1S } £5 | i 
Alkyd-Viny! (50-50). 10 | 20 ! 2.0 
Alkyd- — (70- 30)... kt Be.) LP 
Epoxy. . vn cesT: ba See ee 
Silicone. oe. ees] D-1.0].5-1.0} 6.0 
Furane...... ...| 2.0 | 2.0 | 1.0 
Neoprene.............} 5.0 | 50 | 15 
| 
DISPERSION COATINGS 
ds ao «ing olbin-e a 115 } te 
SE pee 1.0 | 2.0 | 25 
Fluorocarbon.......... 1.0 | 1.0 | 15.0 
LACQUERS 
Nitrocellulose.........) 10 | 20 | 2.5 
RR tie 10 | 20 | 2.5 
SEES cacunsshtnes 10 | 20 | 2.75 
ere 2) RE Bee 





aThickness over phosphate coating required 
for exterior durability on steel. For purely 
decorative coating. 1 mil will usually suffice. 
bMaterials cost only. Realistic price compar- 
ison can be made only on basis of dry applied 
coating, not on basis of cost per gallon. 


(news on p 202) 



































W 
e VACUUM METALS 


O'vision 


CORPORATION 


OF CRuci L 
P. O. BOX one BLE STEEL COMPANY Or AMERICA 
SYRACUSE 1. Ny 
, . 
Norton Company March 27, 1957 


Worcester 6 
Massachusetts 


Gentlemen: 


7 I am enclosinp 


7 & a gene : 
vac ral 
leased crucible dusts furnace and a view of annemest 
“uring a melt. e 
28 sargest high vacuum induction wre? 18 the 


per heat. & capacity of 500 Pounds 
writes a foremost mix for rammed linings in thigh erto8 Taming 
manufacturer about Nagnorite and ‘Alunaup fi2ed shap sof 
. the metal-melting ramming nixes have bart tubes. Your refractory 
| protection of laboratory tumnsces geinaum, oTueibles ig 
Norton refractories Performance of Your prowingth® quality and’ 
High melting, long-lasting ALUN- Very truly yours, 
DUM", _CRYSTOLON", gong de AS | 
Norton refractory materials are Norton Ct” | 
R’s — engineered and prescribed for umm uperintendent 


longer, lower cost service across the 
range of furnace applications. 

For R’s that will help you maintain 
hot metal schedules and reduce shut- 
downs in your own processing, call in 
your Norton Refractories Engineer. Or 
write to NORTON COMPANY, Refrac- 
tories Division, 342 New Bond St., 
Worcester 6, Mass. 





















NORTONW fie 
REFRACTORIES 
Engineered... R ... Prescribed 


Qiaking better products... 
to make your products better 


NORTON PRODUCTS 
Abrasives « Grinding Wheels 
Grinding Machines + Refractories 
BEHR-MANNING DIVISION 
Coated Abrasives * Sharpening Stones 
Behr-cat Tapes 









Largest of all high vacuum induction furnaces in the U.S. The accom- 
panying letter from Vacuum Metals Corporation, a Division of Crucible 
Steel Company, describes how Norton refractory cements and prefired 
shapes aid in the advanced performance of this huge, modern metal- 
melting equipment. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 








For more information, turn to Reader Service card, circle No. 404 
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BEARING DESIGN 
and APPLICATION 
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The inauguration of Bunting’s new facility for engineering 






























and manufacturing bearings and parts of Sintered Powdered 
Metals opens a wide new area of opportunity to all 


mechanical industry. 


Sintered Powdered Metal Bearings and parts offer real 
economies in design. Bunting Engineering and 
manufacturing skill and traditional 


technical responsibility assure your 

















most advantageous use of 


this material. 


A competent group of Bunting 

Sales Engineers in the field and a 
soundly established Product Engineering 
Department put at your command, 
comprehensive data and facts 

based on wide experience 

in the designing and use of both 
Cast Bronze and Sintered Powdered 
Metal Bearings and parts. 


Write for catalogs and your 
copy of the new 24 page Bunting 
Engineering handbook of 
Sintered Powdered products 
and their composition, 

manufacture and 
application. 


Bu nting. 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 
The Bunting Brass and Bronze Company «+ Toledo 1, Ohio «* Branches in Principal Cities 
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Plastics—continued from p 194 





for the unusually small increase 
in polystyrene production (see 
accompanying chart). Polypropy- 
lene, another new material, made 
its appearance late in 1957 and 
quantity production is expected in 
the near future. 

Perhaps the most spectacular 
development in 1957 was the in- 


_ ereased usage of foamed plastics. 


Total production of all types of 
foamed plastics exceeded 30 mil- 
lion pounds—an increase of ap- 
proximately 100% over the 16 
million pounds produced in 1956. 
In 1958, production is expected to 
reach about 40 million pounds. 

In terms of specific materials, 
polyester resins showed the sharp- 
est percentage gain (up 30.7%) 
and phenolics the sharpest de- 
crease (down 7.1%). The huge 
increase in polyester production 
was due largely to the increased 
use of reinforced plastics in 1957 
(see MATERIALS IN DESIGN ENGI- 
NEERING, Feb ’58, p 212). Poly- 
ethylene production increased sub- 
stantially (up 22.6%) while poly- 
styrene production increased only 
very slightly (up 1.1%). Cellu- 
losics bounced back after a decline 
last year (up 3.5%), but ureas 
and melamines declined for the 


‘second year in a row. Production 


of vinyls increased again (up 
11.8%). 
Outlook for 1958 

The outlook for 1958 is that 
total plastics production will prob- 
ably end up slightly under 4% 
billion pounds and that polyethy- 
lenes, polyesters and vinyls will 
again be the only materials to 
show substantial production in- 








USE THE ‘SELECTOR’—You will find 
properties of most engineering materi- 
als, plus names and addresses of 
suppliers, in M/DE's Materials Selec- 
tor reference issue, published last 
September. 
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“Perfect finish retained’ 
“This reject problem is licked’ 


“Downtime certainly has been reduced” 








so 8 KO P- eee MABE 





“Nothing more to be desired in quality and finish’ 


“Stands up very well under standard fabricating methods” 


K. R. Craft, Vice President, The Seeburg Corp., Chicago, with one of the company's famous juke boxes. The brilliant 
reflectivity and durability of Nickeloid pre-plated metals is an important factor in the product's eye-catching good looks. 


NICKELOID METALS SAVE 4 PRODUCTION STEPS— 
REDUCE REJECTS FOR THE SEEBURG CORPORATION 


Standard fabricating methods are used to stamp and 
form juke box trim. Nickeloid Metals eliminate ma- 
chinery tie-up; rejects are less than 1%. 


Stamping Nickeloid chrome steel, protected with Mar- 
Not adhesive-backed paper which is easily peeled off. 
Finished part will need no polishing. 


Pre-Finished Design Material is Easily Worked 
With Standard Fabricating Methods 


The Seeburg Corporation uses Nickeloid pre-plated chrome steel to achieve 
functional beauty and attention-value . . . economically. Before switching to 
Nickeloid, the company did its own cleaning, plating and buffing. The job 
required four — sometimes five more operations than are now necessary. Ac- 
cording to Mr. Craft, “The tremendous cost of plating and buffing was not only 
more expensive and much more time consuming, but the finished product had 
to be inspected, and the rejections on plated and buffed metals was very much 
higher than it is with Nickeloid. Economically, the Nickeloid Metals have 
proved themselves in production.” 

Using standard fabricating methods, Nickeloid Metals need only be stamped 
and formed —then assembled. By capitalizing on this pre finished method of 
production, this leading manufacturer has eliminated the machinery formerly 
required for plating, polishing and buffing — saved four or five production steps, 
and is producing a better end product with less manpower. Can you use these 
advantages in your operation? 


14 finish-to-base metal combinations — sheets, coils, strips. 


NICKELOID METALS 


WRITE TODAY FOR FREE LITERATURE SSA 
AMERICAN NICKELOID COMPANY 


PERU 6, ILLINOIS 


For more information, turn to Reader Service card, circle No. 485 
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iron-Powder 
Electrodes 


Weldors can really pour it on with 
P&H Iron-Powder Electrodes! Faster 
deposition and superior, weldability 
make them easy to handle in any 
position—enable operators to produce 
X-ray welds by simply dragging the 
electrode. Added benefits: a minimum 
of spatter and low stub loss. 


Welds are smooth and practically 
self-cleaning — possess high strength 
with greater impact at low tempera- 
tures. Get Bulletin R-29. Write Dept. 
302G, Harnischfeger Corporation, 
Milwaukee 46, Wisconsin. 


HARNISCHFEGER 
YS WELDERS - ELECTRODES - POSITIONERS 


For more information, circle No. 480 
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creases. Production of high den- 
sity polyethylene will continue to 
increase percentage-wise aS com- 
pared to that of conventional poly- 
ethylene, and polypropylene pro- 
duction w.ll begin to enter into 
the statistics. By the end of the 
year, Du Pont’s new acetal plas- 
tics will be going on stream and 
shortly thereafter production of 
General Electric Co.’s polycarbo- 
nate plastics will be announced. 
In general, says SPI, prices will 
tend to remain the same for at 
least the next six months. There 
will be some scattered changes but 
they will tend to balance cut. 


Stockpile Purchasing 
of Aluminum Altered 


Revisions in stockpile purchas- 
ing contracts with major alumi- 
num producers have been worked 
out by the U.S. Government. Chief 
feature of the change is to require 
that the companies deduct alumi- 
num imported from Canada from 
amounts they bring to the Govern- 
ment for purchase. 

The two firms chiefly affected 
are Aluminum Co. of America and 
Kaiser Aluminum and Chemical 
Corp. The original stockpile con- 
tracts, signed in 1950, 1951 and 
1952, committed the Government 
to buy up to nearly 1.4 billion 
pounds of aluminum through 1958 
in the event consumption de- 
creased to a point where the metal 
could not be sold. In 1953, when 
the U. S. was short of aluminum, 
Alcoa and Kaiser contracted to 
buy 1.5 billion pounds through 
1958 from Aluminum Co. of 
Canada. With consumption of alu- 
minum at extremely low levels 
since last December, the major 
aluminum producers have been 
offering the metal to the Govern- 
ment every month since. 

According to Sen. A. Willis 
Robertson, the revisions will save 
taxpayers “between $75 and $100 
million.” 
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FREE YODER BOOKS 

OFFER “KNOW-HOW' 

on «ROLL FORMING 
- TUBE MAKING 
+ SLITTING 


COLD-ROLL FORMING 


Structural, ornamental and 
tubular shapes from stock up to 
4” thick. Surface finish, uni- 
formity, stock selection and char- 
acteristics, plating problems, 
production costs, end uses 

and applications. Auxiliary 
automatic operations 
including perforating, 
notching, welding, 

coiling, embossing. 

88 pages, fully 

charted and 

illustrated. 


PIPE AND TUBE MAKING 


Ferrous or non-ferrous, electric 
weld, resistance and induction or 
gas types. Small or large diame- 
ter. Tooling, welding, stock 
ranges personnel training, 
quality and tolerance con- 

trol, speeds, power con- 
sumption, annual pro- 

duction rating charts. 

64 pages, fully 

illustrated. 


SLITTING 


Operating techniques, time 
studies, analyses of operating 
cycles, coil handling, scrap 
disposal, selection of slit- 
ters and setting up of 
slitting lines, including 

coilers and recoilers. 
Advantages of slit- 

ting and how to 

compute “profit- 

point”. 76 pages, 

fully illustrated. 

Any or allof these 

books are free upon 
requests. Send for your copies 
today ... Ask for them by title. 


THE YODER COMPANY 


5546 Walworth Ave. © Cleveland 2, Ohio 


ee: COLD ROLL 


FORMING 
MACHINES 
For more information, circle No. 387 





“Water-sealed 


Complete line of Polyken Waterproof 
Tapes seal out water (and dust... 
and airborne contamination) 


If you make a product that might suffer from 
exposure, take note: 


The reason, of course, is that Polyken tapes 
can provide watertight, dustproof seals against 
the elements. Each tape is constructed to 
meet rigid government and industrial require- 
ments for moisture barrier sealing. 


Poluken 


INDUSTRIAL TAPES 





THE KEN DALL COMPANY 
Polyken Sales Division 


” by Polyken 


Since these tapes come backed with vinyl or 
polyethylene film—or cloth coated with 
pyroxylin, vinyl or polyethylene—they fit into 
every packaging scheme. 


Money-saving features 


Polyken tapes do other jobs, too. Reinforce 


. protect... mend... insulate. 
You'll like their ease of application (right 


from the roll), saving many man-hours of labor. 


Send the coupon for complete information, 


or tell us your particular packaging problem. 


MAIL THIS COUPON NOW! 


c------------ 


Polyken, Dept. MI-3 
309 West Jackson Bivd., Chicago 6, Illinois 


Please send me your latest literature and data file on the complete line 
of Polyken Waterproof Tapes. 


Name Title 





CO, 





Street Address 


For more information, turn to Reader Service card, circle No. 376 
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A 
significant | 
announcement. 





TO 
STIMULATE 

AND 
ENCOURAGE 
THE IMAGINATIVE ‘- 
EMPLOYMENT fe 
OF 1 
| PLASTIC | 


h- 


THE BACH N ER AWARD... 66: excetience in the spats 


tion of Slastic materials, established + t} 


“4 a ot CHICAGO MOLDED PRODUCTS CORP. and nz ieee 





MATERIALS 


in 
Sé 

















honor the Company’s founders, is to be 
awarded in Chicago at the time of the forth- 
coming National Plastics Exposition. The 
Bachner Award is for an outstanding contri: 
bution to the practical application of molded 
and formed plastics to the products of indus 
try. The winning company will receive an 
inscribed plaque, and the individual(s) des: 
ignated by the company as being most respon- 
sible for the achievement will receive $1,000. 
Honorable mention citations will also be 
awarded. Entries must be received by August 
15. Complete information and entry forms are 
obtainable from The Secretary to the Com- 
mittee, Mr. William T. Cruse, c/o Society of 
the Plastics Industry, Inc., 250 Park Avenue, 
New York 17, N. Y. 





THE BACHNER 
AWARD COMMITTEE 


ARNOLD E. PITCHER, Chairman 
E. |. DuPont De Nemours, retired 


CHARLES A. BRESKIN EDWARD GUDEMAN 
Breskin Publications Inc., Chmn. Sears Roebuck & Co., Vice Pres 
ARTHUR J. SCHMITT HERBERT S. SPENCER 


Amphenol Electronic Corp., Pres. Hooker Electrochemical C.., re 
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Design Engineering Show Coming Next Month 


The third annual Design Engi- 
neering Show and Conference— 
the only industrial exposition de- 


voted exclusively to the design 


engineer’s needs—is scheduled to 
be held Apr 14-17 at Chicago’s 
International Amphitheatre. 

The Design Show, held for the 
first time in 1956, is now con- 
sidered to be the third largest 
annual exposition. Thus far, 410 
individual exhibitors Have re- 
served space to display such 


things as metals; nonmetallics; 
finishes and coatings; fasteners 
and adhesives; parts and shapes; 
mechanical, electrical and _ elec- 
tronic components; power trans- 
mission systems; and_ various 
types of engineering equipment 
and services. 

The Design Conference, spon- 
sored by the Machine Div. of the 
American Society of Mechanical 
Engineers, will again cover most 
of the materials, mechanical and 
electrical aspects involved in prod- 








% 


. 


~ 
= * 


~ : 








Rania 


Largest extrusion press—Shown above is what is claimed by 
Harvey Aluminum to be the world’s largest American-built aluminum 


extrusion press now in operation. 


The giant press is capable of 


exerting a force of 12,000 tons and is presently turning out aluminum 
structural shapes for aircraft, missile and commercial needs. 

The new press has an overall length of 300 ft and weighs 4 million 
pounds. It can extrude aluminum sections from ingots 32 in. in dia 
and 75 in. long. Main advantage of the huge press is that it can pro- 
duce large one-piece structural shapes to replace sections now 
assembled from smaller components. As a result, substantial savings 


in cost and time are achieved. 









uct design. One of the highlights 
of the Conference will be the 
sessions devoted to engineering 
materials. Typical of the papers 
to be presented are: “Shock Re- 
sistance of Plastics,” “Uncommon 
Engineering Materials,’ ‘“‘Com- 
patibility of Metals in Bearing 
Contact” and “Sandwich Materi- 
als.”” (See April issue of MATERI- 
ALS IN DESIGN ENGINEERING for 
complete program, list of exhibi- 
tors and details of registration.) 


Transactions of AIME 
Published Bi-Monthly 


The Metallurgical Society of 
the American Institute of Mining, 
Metallurgical and Petroleum En- 
gineers has begun issuing its 
transactions as a separate pub- 
lication. The publication, first 
issued in January, is bi-monthly 
and includes engineering and 
scientific papers covering activi- 
ties of all three of the Society’s 
divisions—Iron and Steel Div., 
Extractive Metallurgy Div. and 
Institute of Metals Div. Members 
of AIME are charged a subscrip- 
tion fee of $5 per year; non- 
members are charged $20 per 
year. 


Improved Polymers 
Aim of Joint Research 


National Lead Co. and Celanese 
Corp. of America have joined 
forces in a research program 
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PLUS TEMS . 


from your \affi & | 
2 \ \\X Hh | | aimed at improving polymers fi 
Whitehead Metals . iS sol / || plastics and fibers through use « 
44 97 Ke Z newly developed polymerizatio 
Supermarkets erste 


catalysts. The polymerization cat: 
lysts, produced by National Lead 


y 
nk | If Research Laboratories, are r 
/ ft 
; 7 , / / 
| / y 

















ported by the two companies t 
“constitute an important break 
through toward successful produc 
tion of improved polymers, in 
cluding radically new types of! 
polypropylene and_ polystyrene.”’ 
TOOL AND JIG PLATES WELDING ROD According to a statement issued 


One-stop service for all you need in Alu- by the two companies, much 


Of Alcoa Aluminum, they are stress minum, Copper Alloys, Nickel Alloys 7 
relieved, non-porous, corrosion- and all major types of welding rod and stronger, more highly heat resist- 


resistant, easily machined. Available | wire. A full line of soft solders and silver ant plastics can be developed by 


in standard size (48” X 96”) in 13 brazing alloys, too. Technical service and 
thicknesses; or cut to your specifica- comple literature on request. controlling the molecular struc- 


tions. Folder available. ture of polymers. Currently, al- 
most all polymer production is 
conducted under conditions that 
es) : result in random linkage of mole- 
GY — oy cules. The key to molecular con- 
A trol is said to lie in polymerization 

OA) < catalysts. Use of the new catalysts 
VALVES is expected to result in polymer- 


FOUNDRY ALLOYS All major types are available izations that will provide more 


7 from stock in Aluminum, In- wi _ . 2 
Over 100 different types conel, Monel, Nickel and Stain- economical plastics and fibers with 


—largest selection in the in- less Steel (and plastics, too). outstanding physical properties. 


dustry—available in hand- : canes : ‘ . 
fuls a sadidade’ att-tha. Write for descriptive literature. Concurrent research is now 


shelf. Technical service, Ei robo under way by the two companies: 
too. Write for “Foundry National Lead is working on the 


Alloy” Bulletin FA1. 



































ce catalysts; Celanese is concerned 


with polymer processing. 


nad 8 e ARCHITECTURAL SHAPES 
\ Copings, gravel stops and door 4 
nee saddles are just a few of more Tool Engineers 
than two hundred Alcoa alumi- 


num shapes available off the Plan Research Center 
These Plus Items” and many more shelf, and illustrated in booklet 
are available in addition to a wide * titled “Shapes.” Monel, Stainless The board of directors of the 


i ion-resi and Copper roofing items com- 4 
“ana ne ae “a plete the Whitehead line of American Society for Tool Engi- 


architectural materials on hand. neers has approved the establish- 
ment of a member-industry serv- 


All told, there are more than 20,000 items distributed and serviced by Whitehead. ice program whose provisions in- 
All are available, off-the-shelf, from the nine Whitehead Metal “Supermarkets.” All clude: 1) a school and training 


are the products of such leading producers as Alcoa, Anaconda, Inco & Crucible : ‘ 
Steel to name just a few. center for tool engineers, 2) a 


When you call Whitehead you get fast service, and frank, unbiased help in research ve raced with laboratory 
selection. Technical service when you need it. Add it up and you'll find it pays to facilities, 3) increased technical 


publishing activities, and 4) ade- 





























Other Offices and 


: Warehouses: 
i Es | fees bag , canna PROPERTIES of most engineering ma- 
METAL ‘PRODUCTS COMPANY, INC. MASS. « SYRACUSE « BALTIMORE terials can be found in M/DE's 
Find bv ROCHESTER * WINDSOR, CONN. Materials Selector reference issue, pub- 





lished last September. Names and 
addresses of suppliers are also listed. 











303 West 10th Street ¢ N. Y. 14, N. Y. 


For more information, turn to Reader Service card, circle No. 524 
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100 HOUR RUPTURE CURVE 





MANY VACUUM INDUCTION MELTED METALS AND ALLOYS CAN NOW BE PRODUCED IN HEAT SIZES UP TO 5,000 LBS. BY UTICA METALS DIVISION 


announcing Udimet GOO and 7O0O 
for a wider range of applications at elevated temperatures! 


With the development of these two new alloys, the Utica Metals Division of Kelsey-Hayes Mitinn presenta 
scores another materials “break through” with vacuum induction melting. Producible only by the 
vacuum induction melting process, Udimet 600 and 700 surpass the elevated temperature ¥ eo oibimiieaiad 
properties of any other known alloy which can be produced in quantity for critical high-temperature, 


Increased ductility 
high-stress requirements. They not only possess excellent stress-rupture qualities but also exhibit 


Extreme cleanliness 
Precise chemical control 
high tensile strength at temperatures above 1500°F. 


Longer stress-rupture life 
Increased tensile strength 
Better fatigue resistance 
Greater yield strength 
Greater impact resistance 
Greater creep properties 


UTICA METALS > KELSEY-HAYES 


KELSEY-HAYES CO. 


Like Udimet 500, Udimet 600 is now available in production quantities. Udimet 700 is available for 
development applications. Write for complete information. 


UTICA 4, NEW YORK 
€ T, M, REGISTERED SOME ALLOYS COVERED BY U.S. PATENT #2809110 


For more information, turn to Reader Service card, circle No. 513 
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TUBULAR 
RIVET 





TO LOOK 
AT COSTS 


You need the answers to such questions as: 
“Can a TUBULAR RIVET replace a solid rivet, screw, 


“Would a SPLIT RIVET with a decorative head improve 
product appeal?” 

“Shotld a SELF-PIERCING RIVET be used and 
eliminate a drilling operation?” 

“Can a cold headed part such as a SHOULDER RIVET 
serve asa fastenér and also provide a bearing surface?”’ 
“Would a TAPPED RIVET, made to receive a 

screwed-on assembly, simplify field service?” 

Thése are typical questions asked of 
Chicago Rivet engineers because keen 
competition today makes necessary 
re-examination of production methods. 

No matter how complex or how simple your 
fastening problem may seem to be, get the 
cost saving advice that Chicago Rivet 
engineers can give. Send blueprint or 

sample assembly—no obligation. 


SELF-PIERCING 
RIVET 


ee 


SHOULDER 
RIVET 


i. 


TIME 


or bolt and thereby accelerate production?” 





? 


There are Gucago Kwet Machines that will set 


1] aggqy 
237 SIRTF 





TAPPED 
RIVET 


STT2 6200700 


Tubular or Split Rivets At a Time 








@ e | 
Gucuge Kw & MACHINE CO. | og 


965 S. 25th Ave. - Bellwood, Ill. (Chicago Suburb) - Branch Factory: Tyrone, Pa. | aelie 


FOR YOUR FILES—Rivet catalog describing 1388 stand- 
ard tubular and split rivets and 26 single and multiple 
automatic rivet setters. 


For more information, turn to Reader Service card, circle No. 462 
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quate space for headquarters 
eration. 

According to Harold E. Collins. 
ASTE president, “We can now 
envision a busy center of 
intellectual engineering activity 
which should help give birth to 
badly needed new technological] 
ideas, as well as providing addi- 
tional means for the interpreta- 
tion and dissemination of basic 
tool engineering knowledge to 
those pursuing or engaged in a 
tool engineering career.” 

The results of preliminary in- 
vestigations and a report of pro- 
posed plans are expected to be 
announced at the forthcoming 
ASTE Tool Show and Convention 
in Philadelphia this May. 


Welding Engineers 
to Meet in April 
This year’s national spring 


meeting of the American Welding 
Society is schéduled to be held 


“Apr 14-18 at the Hotel Statler, 


St. Louis. The meeting will be 
held in conjunction withthe sixth 
Welding Show. 

#% total of 63 papers covering 
various aspects of welding will 
be presented by 95 authors at the 
21 sessions planned for the meet- 
ing. Four of the session will be 
co-sponsored by the Metals Engi- 
neering Div. of the American 
Society of Mechanical Engineers. 
Twelve papers have been pre- 
pared for these sessions covering 
“Strength of Welds,” “Mating of 
Structural Properties with De- 
sign,” “Design and Materials for 
Low Temperature Applications,” 
and “Casting Weldments.” 

The annual Adams Lecture of 
the Welding Society will be pre- 
sented by Earnest F. Nippes, 
Rensselaer Polytechnic Institute. 
His subject will be “The Weld 
Heat-Affected Zone.” 

The Welding Show, expected to 
be the largest of the six thus far 
staged, will have about 115 exhibi- 
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Heavy sections like rudder posts and 
propeller blades can be gamma ray 
inspected with 3 shorter exposure 

and welded seams can be radiographed 
more rapidly with available portable 
or low kv x-ray equipment— when 
Kodak Industrial X-ray Film Type KK 


is used. 


.. cut exposure 
time '/3 with 
New Kodak 


Industrial 


X-ray Film 


TYPE KK 


Where heavier sections are to be radio- 
graphed or where the output of available 
X-ray or gamma ray sources is limited, 
Kodak’s new Industrial X-ray Film Type 
KK is the film to use. 


This film shows as much as 50% 
increase in speed over the well-known 
Type K Film. It means more work can 
be done—that exposures can be cut by 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N.Y. 


For more information, turn to Reader Service card, circle No. 442 
















a third. And those who have tried Type 
KK tell us that its higher contrast, off- 
setting a slight increase in graininess, 
provides improved radiographic sensitivity. 

To learn how Kodak Industrial X-ray 
Film Type KK can extend the service of 
your present radiographic equipment, 
get in touch with your x-ray dealer or 
Kodak Technical Representative. 
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another 
unique 


GRC die cast 


zinc alloy 
component 









this movable peed element unit was 
cast-assembled in one operation 


GRC's unique, patented method die casts multiple-part 
zinc-alloy INTERCAST units with moving elements in a 
single, automatic, time-saving, money-saving operation... 
even continuously interlocked assemblies. Un.ts are de- 
livered ready for use. This INTERCAST technique is an 
ingenious refinement of GRC's exclusive method of small 
parts die casting—providing broad design latitude, close 
tolerances, economies in quantities of 100,000 and more. 
Let GRC solve your problems. No size to small! 

Maximum length: 134”, maximum weight: '/2 oz. 


» Send for fact-filled bulletin TODAY. 
See GRC at the Design Engineering Show 
BOOTH #850 ra 


World’s Foremost Producer 
of Small Die Castings 


GRIES REPRODUCER CORP. 
153 Beechwood Avenue, New Rochelle, New York, New Rochelle 3-8600 
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For long spring |i cessed Comp ression Spr ings 


fe and reduced SPring cost 





I-$ Beryllium Copper 


compression springs are Vv high stren 
hardened after forming igh condectvty y 7 rd weccrcer pad 
10 a tensile strength of Vv uniformity ity at elevated 


temperatu 
WV reduced set Ww — 
close tclioanees _ reduced inspection and 


assemb/ 
W long endurance life 4 less space r equired 


of springs 


185,000 to 220,000 psi. 
The resultant Springs offer 
you many advantages , . 


eee 100 Micro-Py 


224 BERGEN BLVD., LITTLE FALLS, NEW JERSEY 
Telephone: Clifford 6-3500 
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tors. Further information may be 
obtained from American Welding 
Society, 33 W. 39th St., New York 
ie ae A 


Engineers 





Donald L. Colwell has been elected 
vice president in charge of labora- 
tories and research, Apex Smelting 
Co. 


John S. Light has joined National 
Research Corp. as director of the 
Mechanical Engineering Dept. 


Dr. Lyman R. Fink has been ap- 
pointed general manager of the 
X-Ray Dept., General Electric Co, 


Charles A. Schulte has been named 
manager of Vanadium Corp. of 
America’s new Vancoram plant. Al- 
bert J. Primosic has been appointed 
manager of the corporation’s Niag- 
ara plant, replacing Mr. Schulte. 


Robert A. Lubker has been appointed 
director of research, Alan Wood Steel 
Co. ? 


Philip DiFalco is now chief engineer, 
LeMaire Tool & Mfg. Co. 


Dr. Ernest R. Ramirez has been ap- 
pointed research engineer in General 
Electric Co.’s Metallurgical Products 
Dept. 


Robert S. Buffum has joined Borden 
Co.’s Chemical Div. as project engi- 
neer in the Polyco-Monomer Dept. 


William R. Johnson has been named 
chief research metallurgist and 
Richard J. McCluskey chief machine 
design and development engineer, 
Associated Spring Corp.’s research 
center, Bristol, Conn. 


Walter Kudlaty has been promoted 
to chief design engineer, Miller Fluid 
Power and Tru-Seal Divs., Flick- 
Reedy Corp. 


Dr. Nelson S. Marans has been ap- 
pointed research chemist, W. RB. 
Grace & Co.’s Research and Develop- 
ment Div. 


Dr. Lowell H. Milligan has been ap- 
pointed to the newly created position 


For more information, circle No. 459 > 














Available now from Carlson 


...any size and shape you want 
in Types 405, 410 and 430 stainless plate 


Carlson’s stock of Types 405, 410 and 430 chromium 
stainless plate is the largest ever. You can order plates, 
large or small, and get delivery in a few days. Types 
405 and 410 find wide application in petroleum process- 
ing. Type 430 is generally used for furnace parts, 
annealing boxes and nitric acid storage tanks. Consider 
the 400 series if you need stainless plates right now. 


Prompt delivery isn’t your only advantage. These grades 


cost less than chromium-nickel stainless steels and if you 
need irregular shapes and sizes, experienced men with 
specially designed equipment can cut your plates and 
get them out in a hurry. Carlson provides a complete 
service with a flexible operation to take care of your 
specific requirements. This combination of stock, special- 
ization and service saves you time and money, gives you 
what you want when you want it! 


GO GINRESOM Ze 
Stainbeu Steelh Execbusively 


THORNDALE~: PENNSYLVANIA 
District Sales Otfices in Principal Cities 
PLATES + PLATE PRODUCTS * FORGINGS * BARS * SHEETS (No. 1 Finish) 
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You can 


CERAMIC 
MAGNETS 


The permanent magnets 
that 
are really permanent 


Ceramics 
offer great- 
est resistance to de- 
magnetization of any com- 
mercial magnet material 
. . . All energy is fully 
usable—no_ keepers, pole 
pieces or auxiliary air gaps 
needed . . . Can be mag- 
netized before or after as- 
sembly . . Electrically 
non-conductive .. . Less 
heating .. . Inert to chemi- 
cals and gases... Up to 8 
or more poles on a single 
flat face ... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 
Ergineering Bulletin RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 
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of associate director of research and 
development, Norton Co. 


Dr. B. D. Thomas has been named to 
the presidency of Battelle Memorial 
Institute. He succeeds Dr. Clyde 
Williams, whose retirement was re- 
cently announced. 


Companies 





Continental Machine Co. has moved 
to a new location at 2345 W. Nelson 
St., Chicago 18, IIl. 


Ramo-Wooldridge Corp. has estab- 
lished a space technology laboratory, 
a new autonomous division of the 
former Guided Missile Research Div. 


Young Spring & Wire Corp. is the 
new name of L. A. Young Spring & 
Wire Corp. 


Howard Industries, Inc. has _ pur- 
chased the Universal Motor Div. of 
Westinghouse Electric Corp. and will 
move all machinery and equipment 
to its new plant in Racine, Wis. 


Hydromatics, Inc. has recently trans- 
ferred its operations to new facilities 
at 70 Okner Parkway, Livingston, 
N. J. 


Kaiser Industries Corp. plans to pur- 
chase the assets of Kaiser Aircraft 
& Electronics Corp., a wholly owned 
subsidiary of Willys Motors, Inc. 


Pemco Corp. completed construction 
of its new research and development 
plant last November. 


Gries Reproducer Corp. is expanding 
plant and production facilities which 
will more than double their output. 
Completion is expected early this 
year. 


Conap Co. is a new research and 
development organization devoted to 
the formation and application of 
synthetic materials. The new com- 
pany is located in Olean, N. Y. 


Battelle Memorial Institute has been 
selected for the establishment of a 
nuclear radiation information center 
by the U. S. Air Force. The center 
will gather and disseminate data con- 
cerning the effects of nuclear radi- 
ation on materials and systems which 
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PLAST-IRON 
POWDERS 





ELECTROLYTIC AND 
SPONGE IRON POWDERS 


+C-+LUBRICANT 








MODIFICATIONS 
TO FIT YOUR NEEDS 





WELDING ROD POWDERS 





SPECIALIZED IRON OXIDES 


ELECTROLYTIC IRON CHIPS 
FOR MELTING STOCK 


Send for Technical Data 


and Working Sample 


PLASTIC 
METALS 


National-U_S. 


Radiator Corporation 


4458 BRIDGE STREET 


JOHNSTOWN, PA. 


For more information, circle No. 516 











PREMIXED CU-NI-FE-POWDERS 


GROWTH CONTROLLED IRON POWDERS 


HIGH DENSITY IRON POWDERS 


10 STANDARD COMPACTING GRADES 





NICKEL AND MANGANESE POWDERS 






CUTTING AND SCARFING POWDERS 
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Standard Industrial Fasteners and 
Other Steel Products Given 
Stainless Properties by the 





Modern Miracle in Metallurgy Ps 


ASC Metal Diffusion is a revolutionary new process that 
actually interchanges iron and chromium atoms to produce 
a chromium-rich surface that is an integral part of the 
parent metal. Not a plating, coating or cladding. Will not 
craze, crack, peel or chip. Resists wear. Resists 

corrosion. Resists heat. Good dimensional stability. 
Easy-to-fabricate stock items can be up-graded to meet 
your own or your customers’ demands for stainless qualities 
at reasonable prices. Send us samples of your fasteners 

— machined, stamped, upset or cast. We will 

process them at no cost to you. Write us today. 


p.qwrLroy 


| , URFACES 
| = re: : OMPANY 
oe —_ Me, 103 South Justison Street, Wilmington 1, Delaware 


Phone: OLympia 5-6344 
For more infermation, turn to Reader Service card, circle No. 457 
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Production costs too high? 


BOSSERT meta stampincs 





offer many ways to reduce costs! 
\ 


may be required in aircraft of 
future. 


Whether your product is in the planning stage or in 
production, you can often reduce costs by using 
metal stampings for parts or complete assemblies. 
Complex forms can usually be produced with fewer 
operations, with holes punched to exact dimensional 
accuracy, eliminating separate drilling, machining 
and assembling. 























Chart-Pak, Inc., manufacturers 
printed pressure-sensitive tapes and 
plastics, has acquired Transograph 
Several parts can be combined in a single stamping, | Co 
and you can take advantage of the weight-saving | i 
features of lighter metals and alloys without sacrific- | 
ing strength or durability. Your present production | 
costs can be reduced, too, with Bossert’s superior 
quality and dependable service. 


Design Engineering Service 


Bossert’s re-design service can help you develop 
stampings for parts and assemblies that are now 
being cast or forged or machined, usually with 
substantial savings in cost. Send us blue prints or 
samples for our recommendations. 


Societies 





Society of the Plastics Industry, Re- 
inforced Plastics Div., has re-elected 
James S. Lunn chairman of the exec- 
utive committee. Mr. Lunn is presi- 
dent of Lunn Laminates, Inc. 






Write for literature 


Find out how our facilities can be 
helpful to you. 


© 1958 Rockwell Spring and Axle Co. 
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Powder Metallurgy Parts Manufac. 
turers Assn. has elected the follow- 
ing officers: president—Kenneth M. 
Gleszner, Dixon Sintaloy, Inc.; first 
vice president—William R. Toeplitz, 
Boundbrook Oil-Less Bearing Co.; 
secretary-treasurer—George L. Bach- 
ner, Yale and Towne Mfg. Co. 

Two new companies elected to 
membership are: Eaton Mfg. Co., 
Powdered Metals Div.; and Powder 
Metal Products, Inc. 


ROCKWELL SPRING AND AXLE COMPANY 


BOSSERT omission 


1010 OSWEGO STREET UTICA, NEW YORK 











Metal Treating Institute has elected 
the following officers: president— K. 
U. Jenks, Lindberg Steel Treating 
Co., Inc.; vice president—A. T. Rid- 
inger, Metallurgical, Inc.; treasurer 
—L. G. Field, Greenman Steel Treat- 
ing Co. New members of the board 
of trustees are: A. L. De Hart, Fred 
A. Snow Co.; Clarence F. Graham, 
Metal Treating, Inc.; M. B. Dominy, 
| Dominy Heat Treating Corp.; and 
Norman R. Hodgson, Alfred Heller 
Heat Treating Co., Inc. 





FOR ALL FOUR 
YOUR BEST 
ANSWER IS 
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MANUFACTURERS AND CUTTERS 
OF WOOL FELTS 





Branches in all Principal Cities 


Western Felts can be made as soft as virgin wool 
or as hard as bone—or any desired specifications 
in between. But always, their live fibers hold 
their shape. They never ravel or fray . . . resist 
wear, age, and weather. 


For over 56 years Western Felt has manufactured 
and cut specification felts for all industries. 
Whatever your problem, our experience can be 
helpful. Let our engineers investigate that pos- 
sibility for you. 


WESTERN Gelt 
par oo Ss, = alhooms 


For more information, turn to Reader Service card, circle No. 395 
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American Foundrymen’s Society an- 
nounces the following 1958-59 offi- 
cers: president—Lewis H. Durdin, 
Dixie Bronze Co.; and vice president 
—Charles E. Nelson, Dow Chemica! 
Co. Directors are: David W. Boyd, 
Engineering Castings, Inc.; T. W. 
Curry, Lynchburg Foundry Co.; R.R 
Deas, Jr., Hamilton Foundry & 
Machine Co.; Jake Dee, Dee Brass 
Foundry; Webb L. Kammerer, Mid- 
vale Mining & Mfg. Co.; and H. M. 
Patton, American Hoist & Derrick 
Co. 

(News of Meetings on p 218) 


















THE WORLD’S FIRST CARD-OPERATED MILL, 


PROMISES YOU BETTER STEEL—AUTOMATICALLY 





HIGHER QUALITY 


MORE 
UNIFORM SIZE 


BETTER 
PHYSICAL PROPERTIES 


New method provides a large file of schedules 
for various types of steel. 


NEW punch-card control system, recently installed on the 56” uni- 
Te comet roughing mill at Allegheny Ludlum’s Brackenridge, Pa. 
plant, is advancing mill standards of quality control. 

Here’s how it works: Allegheny Ludlum rolling experts predetermine 
optimum rolling procedures for the type of steel desired and translate 
this data into punches on an IBM card. These punches represent the 
proper screwdown settings, mill speed and number of passes. When the 


| ’ hie General Electric engineers, working closely with 
mill schedule calls for it, the mill operator in the pulpit simply selects AL personnel, developed and installed the con- 


the proper card, inserts it into the card reader, and he is ready to roll. trol systems which regulate the mill. 


As the operator makes each pass, the mill is automatically adjusted for 
each additional pass required. The rolled material is held uniformly to 
desired dimensions, and day in, day out it proves to have better, more 
constant physical properties. 

It's easy to see how this kind of progress fits into your interest in 
consistent high quality. By performing rolling operations exactly the 
same way time after time, this new unit further assures Allegheny 
Ludlum customers that they are getting the best possible product 
from the industry’s pioneer producer. 

Let us talk over your requirements with you. Write us, or call the 
Allegheny Ludlum sales office nearest you, and an AL sales engineer will 
help you with any problem. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. Better quality, more uniform steel is the result. 





wsw 6626 


® 


PIONEERING on the Horizons of Steel 


Allegheny Ludlum 


For more information, turn to Reader Service card, circle No. 515 
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GET THE FACTS ON 


LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 
SELF-LUBRICATING 
BUSHING 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
—450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS - EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings, 
thrust and friction washers, pump vanes. 











titi 





















































GRAPHALLOY has high-performance 
electrical properties: low electrical 
neise, low and constant contact drop, 
high current density, minimum wear! 


Brush Holders and Assemblies, Coin Sil- 
ver Slip Rings and Assemblies available. 





URAPHIT 


BRUSHES * CONTACTS 








USE OUR 40 YEARS OF DESIGN EXPERIENCE! 





E METALLIZING CORPORATION 
1010 Nepperhan Ave. * YONKERS, NEW YORK 


0 Please send date on Graphalley Oil-Free BUSHINGS. 
Send date on BRUSHES and CONTACTS. 





NAME & TITLE 














For more information, circle No. 397 





Meetings 





INSTRUMENT SOCIETY OF AMERICA, 
eighth annual conference on instru- 
mentation for the iron and steel in- 
dustry. Pittsburgh. Mar 11-138. 


SOCIETY FOR NONDESTRUCTIVE TEST- 
ING, conference on “Practical Appli- 
cations of Radiographic Testing.” 
Westbury, L. I., N. Y. Mar 12. 


AMERICAN RocKET SOCIETY and 
AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, joint aviation conference. 
Dallas. Mar 17-20. 


NATIONAL ASSN. OF CORROSION ENGI- 
NEERS, annual conference. San Fran- 
cisco. Mar 17-21. 


INSTITUTE OF RADIO ENGINEERS, an- 
nual national convention. New York 
City. Mar 24-27. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INC., 15th annual Pacific Coast sec- 
tion conference. Palm Springs, Calif. 
Mar 26-28. 


Design [Engineering Conference, 
American Society of Mechanical En- 
gineers, Machine Design Div. Chi- 
cago. Apr 14-17. 


Design Engineering Show. Interna- 
tional Amphitheatre, Chicago. Apr 
14-17. 


AMERICAN WELDING SOCIETY, annua] 
meeting and welding show. St. Louis. 
Apr 14-18. 


METAL POWDER ASSN., annual meet- 
ing and powder metallurgy show. 
Philadelphia. Apr 21-23. 


ELECTROCHEMICAL SOCIETY, spring 
meeting. New York City. Apr 27- 
May 1. 


AMERICAN SOCIETY OF TOOL ENGI- 
NEERS, 26th annua! meeting and tool 
show. Philadelphia. May 1-8. 


AMERICAN ELECTROPLATERS’ SOCIETY, 
annual convention. Cincinnati, Ohio. 
May 19-22. 


AMERICAN Rocket Society, INc., 
semi-annual meeting. Los Angeles. 
June 8-11. 


MALLEABLE FOUNDERS’ SOCIETY, an- 
nual meeting. Hot Springs, Va. June 
9-10. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, semi-annual meeting. 
Detroit. June 15-19. 


AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, 61st annual meeting and 
apparatus exhibit. Boston. June 22- 
28. 
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METALLIC’ 
TAPES 
- for 
INDUSTRY 


For recording, electronic com- 
puting and other applications 
where close tolerance, controlled 
surface (less than 10 micro- 

inches), burr-free slit edge and 

maximum continuous length are | 
essential, SOMERS quality metal- © 


lic tapes are a must. ‘i 






Currently being produced are 
Nickel, Copper and alloys in-/ 
cluding Monel, Inconel, Brass, 

Phosphor Bronze and Nickel 

Silver and<Stainless Steel. 

Gauges, range from .000175” to 

010" and widths from %" to 

25" depending on thickness. 


Whatever your strip problem 


_ may be, you'll find satisfaction 
_ with SOMERS THIN STRIP. Write 
__ for. confidential data blank or 


<field ‘engineer. 


be 


. 
. 
% 


*h. \ 


on EXACTING STAN DARDS a 





— 





Somers Brass Company, Inc. 
108 BALDWIN AVE, WATERBURY, CONN. 


For more information, circle No. 414 
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Tibexperience in action 








* You may be faced with the need for tubing services that 
only highly competent specialists at the mill can provide. You 
may need small tubing in hard-to-get analyses. Or of special 
shapes, held to very close tolerances. Or with a closely con- 
trolled range of properties. Perhaps it must also undergo 
rigid inspections and tests not normally available from tub- 
ing suppliers. 


Requirements like these call for a tubing specialist. 


CONTACT A SUPERIOR TUBE DISTRIBUTOR 


His broad experience can help you solve many problems. 
But most important of all—he can acquaint you in detail 
with many special services offered by the mill. These include 
statistical quality control, nondestructive tubing inspection 
and testing, pilot and test lot sampling and melting, field 
specialist and specification services—there are many more. 


EQUIPPED TO SERVE YOU 
You will find that your Superior distributor has a modern 


Special mill services through your Superior Tube distributor 


steel service center equipped to meet all your requirements 
in tubing. He offers you: 


e Small tubing in many analyses 

Wide range of sizes 

e Tubing of highest quality for any applications 

e Diversified stock 

e Prompt price quotations and delivery 

e Use of his warehouse for your firm’s tubing inventory 


For more information about Superior tubing, write for a free 
copy of Bulletin 40, “‘A Guide to the Selection and Appli- 
cation of Superior Tubing.” Superior Tube Company, 2006 
Germantown Ave., Norristown, Pa. 


Superior Tube 


The big name in small tubing 


NORRISTOWN, PA. 
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THE PROBLEM ... A subway car manufac- 


THE RESULT of Gamble development and 


WHAT'S YOUR 


PROBLEM? 





Believe it or not— 
Gamble research even 
improves subway cars! 


turer was having trouble with the con- 
tact shoe beams on cars. The solid wood 
beams (which hold the apparatus for 
picking up power from the third rail) 
were proving a headache because of too- 
high moisture content and _ too-low 
dielectric strength. 


testing: a laminated hard maple beam 
that is thoroughly dry, possesses high 
dielectric strength and holds perfectly to 
dimensional tolerances. Perhaps Gamble 






could help with your wood problem. 


Send for FREE booklet 


Illustrating GAMBLE services 





This 28-page booklet describes Gamble 
facilities and services in detail. Includes 
many photographs of unusual products 
designed, tested and perfected by Gam- 
ble Brothers. Write for your copy today! 
Gamble Bros., Inc., 4627 Allmond Ave., 
Louisville 9, Ky. 


GAMBLE BROTHERS 


ildela slelaehacte, 


Louisville 9, Kentucky 


If the problem involves WOOD 
—GAMBLE can help! 





For more information, circle No. 527 
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Books 





Engineering Metallurgy. Pitman 
Publishing Corp., New York. 1957. 
Cloth, 6 by 9% in., 536 pp. Price 
$7.50 

Forty professors engaged in teach- 
ing engineering metallurgy are co- 
authors of this book. Presented in a 
concise and understandable manner, 
the book emphasizes metallurgical 
principles rather than general hand- 
book information. The book should be 
of particular value to both graduate 
and undergraduate engineers and to 
the newcomer in the field of metal- 
lurgy. 

Chapter headings include: metal- 
lurgy and engineering; fundamental 
structure of metals and alloys; static 
properties of metallic materials; heat 
treatment of alloys by precipitation 
hardening; light alloys as engineer- 
ing materials; the manufacture and 
composition of carbon and alloy 
steels; copper and copper-base alloys; 
special purpose steels; carbon and 
low alloy steels; cast iron; tool and 
die steels and cemented hard car- 
bides; corrosion and oxidation; and 
effect of temperature on mechanical 
properties of metals. 


Progress in Semiconductors: 
Volume 2. Edited by A. F. Gibson, 
P. Aigrain and R. E. Burgess. John 
Wiley & Sons, Inc. New York. 1957. 
Cloth, 6 by 9% in., 287 pp. Price 
$10.50 

Authored by experts in the field of 
semiconductor research, this book 
attempts to bring the reader up to 
date on new developments in semi- 
conductor and luminescent materials. 
Subjects included in the current vol- 
ume are: semiconductor alloys; prop- 
erties of the III-V compound semi- 
conductors; radiation effects in semi- 
conductors; lifetimes of free elec- 
trons and holes in solids; the pro- 
duction of high quality germanium 
single crystals; impurities in ger- 
manium; high electric field effects in 
semiconductors; and theories of elec- 
troluminescence. Each article con- 
tains a bibliography. 


Gray Iron Castings Handbook. 
Edited by Charles F'. Walton. Gray 
Iron Founders’ Society, Inc., Cleve- 
land, 1958. Cloth, 6 by 9 in., 620 pp. 
Price $10 ; 

How can gray iron casting design 
be simplified to eliminate coring? 
What factors affect the cost of gray 
iron castings? When is alloy iron 
more corrosion resistant than stain- 
less steel? Which iron should be 
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GRAPHITE AIDS 
METALLURGY 


Standard and custom grades o} 
Graphite Specialties graphite ar: 
being employed as molds, dies 
crucibles and piping in the pro 
duction of titanium as well as for 
chlorinating a wide range of 
metals. Formulations with in 
dividualized properties are avail- 
able, or “GRAPH-I-TITE” can 
be furnished. 


“GRAPH-I-TITE” is the first im- 
pervious graphite. It is immune 
to thermal shock, non-contami- 
nating, not wetted by molten 
metal, and is unaffected by prac- 
tically all corrosives, even at 
elevated temperatures above 
1,000° F. 


Custom grades of Graphite Spe- 
cialties graphite are regularly 
produced with a critical level of 
purity, almost unbelievable 
strength, and fine, uniform tex- 
ture. Other properties of density, 
porosity, and machining char- 
acteristics can be supplied to re- 
quirements. 


Components and equipment 
made from Graphite Specialties 
graphite grades can feature low 
neutron-capture cross section and 
high scattering cross section for 
moderator, reflector, fuel ele- 
ments, structural parts and pip- 
ing in nuclear reactors; seals, 
bearings and other mechanical 
shapes featuring temperature re- 
sistance to 5,000° F. and hard- 
ness to 5 Mohs; pipe and cy- 
linders for electric furnace con- 
struction; processing equipment 
for difficult applications such as 
handling chlorine up to 5,000° F; 
and rocket nozzle inserts with a 
very low erosion rate. 


Most types of Graphite Special- 
ties graphite can be furnished in 
rod, tube, sheet and block form, 
or can be molded or extruded in 
special shapes, or can be ma- 
chined to close tolerance. 


Write to GRAPHITE SPECIAL- 
TIES CORPORATION, 64th & 
Pine Avenue, Niagara Falls, New 
York. 
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TEN-TO-ONE THE 


Copper Clad Laminate 
YOU WANT IS HERE! 





From these ten basic PHENOLITE® Grades, 
you can select the base material, resin, 
properties and price to fit your present 
printed circuit need. 

If your problem is finding a suitable 
cold-punch material, try samples of 
XX XP-470-1. It’s designed for use in 
automated production equipment. If you 
are looking for higher heat resistance, 
check Grades G-10 and G-11. 

Out of National’s research laboratories 
come new advances every day. See your 
National Representative about new prod- 
ucts and applications. He can keep you 
posted on the full line of PHENOLITE 
Laminated Plastic, Vulcanized Fibre and 
National Nylon for electronic applica- 
tions across-the-board. In the meantime, 
write for our new ‘‘PHENOLITE Copper 
Clad Data’’ folder. Address Dept. KK-3. 


~~ NATIONAL 
@ VULCANIZED FIBRE CO. 


In Canada: 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Toronte 3, Ontario 


MINGTON ? 3. DELAWARE 





SEE THESE PRODUCTS ON DISPLAY AT 
THE 1.R.E. SHOW, BOOTH 4419-21. 





































































































































































For more information, turn to Reader Service card, circle No. 536 





N COPPER CLAD PHENOLITE | 
COPPER CLAD PROPERTIES RELATIVE COST 
Dielectric | Dissipati Moistu Flexural | Maximum Copper Bond Sol Surt Based on XXXP 
omaee Commet | fare | Absopeon | Seong x ‘Strength, poche an a on Air 
Pounds to Puli Secs to Blister Megohms, Etched ” 
” 1” Strip ” R Comb P Ye” Thk. 1 Oz. 
Were | erie [vrei] pad | amr | ee |i | pamebeaten, | Geert 
P-214-B-i 5.3 .040 2.20 18,000 250 8 ll >10@ 475°F 100,000 81 
XXP-209-G-1 46 .037 1.30 17,000 250 8 ll > 10@ 475°F 200,000 92 
XXP-239-] 
PHENOCLAD 42 .035 0.67 15,500 250 8 ll >10@ 475°F 200,000 92 
XXXP-219-C-1 45 .030 0.70 15,500 250 8 ll > 10@ 475°F 500,000-1,000,000 1,00 
XXXP-455-1 4.0 .026 0.55 23,500 250 8 ll >10@ 475°F = }1,000,000-1,500,000 1.00 
XXXP-470-1] 3.7 .027 0.48 14,000 250 8 11 > 10@ 475°F 300,000-500,000 1.00 
N-1-852-1 3.3 .030 0.20 16,000 165 8 ll >10@ 450°F 2,000,000 2.69 
G-5-813-1 6.8 018 1.00 55,000 300 8 ll ~ _ 2.98 
G-10-865-1 5.2 012 0.13 60,000 250 10 15 >30@ 500°F |1,500,000-2,000.000 3.49 
G-11-861-1 49 015 0.17 60,000 300 10 15 >30@ 500°F 2,000,000 3.55 
Maa me a ig a i a Sen arn hrm os yet cone i ET NES IE ia OOS MBE td. ose 
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ere’s a World of Difference in Jarl Service, 











Quality and Engineering Assistance 


The Jarl salesman is an engineer— 
able to understand your design prob- 
lems... ready to answer your ques- 
tions knowingly ... qualified to make 
on-the-spot decisions. Before your 


over your design problems, you may 
be sure there will be no costly mis- 
takes later on. Jarl Design Engineer- 
ing takes out the bugs before the die 
is cut. You are surer and safer when 















extruded part or product is put in 
production, every man on the design 
team is thoroughly indoctrinated 
with all pertinent facts covering 
your requirements. 


you team up with Jarl. 


STOCK DIES AVAILABLE 


Write for catalog or send sketches J 
er rough dimensional drawings °# 
for assistance on your design. 


When Jarl Design Engineering takes Telephone: LUdlow 6-2660 
COMPLETE ANODIZING FACILITIES 


PLANT AND OFFICES 
JARL EXTRUSIONS, INC. ¢ LINDEN AVENUE, EAST ROCHESTER, N. Y. 
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apli i roblems — " ; 
pron Mg poly tower production costs seneial 
e time, es 
al is an example of hew one yee ng 
range uces five control cylinder hou 
now 


i cost to produce one. 
a thi Precision Investment Costing ott 
aon separate set-ups and more than aon 
mS hine operations formerly requ he: 
a a anaes control cylinder housings 
ee to 5 machine operations. 
on f Precision Investment Cast- 
: frequently save 
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. of to anon adding en. selling 
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to the machine , , 

ay the full story of Precision mena 

come x In it you may find the _ me 

t come of your design or production problems. 
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*Details on request. 


ALEXANDER SAUNDERS & CO. 


Precision Casting Equipment and Supplies 
93 Bedford Street, New York 14, N. Y. 
WaAtkins 4-8880 


Photo and data courtesy of Precision Metalsmiths, Inc. 















Send for our latest 






investment Casting.”’ 

It gives you full details 
of the “how and why” 
of Investment Casting. 
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specified for a particular application? 
This handbook, through the effective 
use Of graphs, charts and photo. 
graphs, gives practical answer 

these and hundreds of other ques 
tions about the design and use of 
gray, ductile, white and high allo, 
iron castings. 

The broad scope of the book js 
readily discernible from the chapte, 
headings. For example, there are 
sections on: 1) design of gray iron 
castings; 2) specifying and purchas- 
ing iron castings; 3) physical prop- 
erties of gray, ductile, white and 
high alloy iron; 4) heat treating iron 
castings; 5) welding, joining and 
cutting; 6) machining and grinding: 
7) metallic and nonmetallic coatings 
for iron castings; 8) functional and 
economical advantages of iron cast 
ings; and 9) a review of the history 
of gray iron. 

Completely indexed, the book con 
tains 411 illustrations and graphs, 
64 tables, extensive bibliographies 
after each chapter, a glossary of 
foundry terms, and an index. 


Reports 





Permanent magnet BISMANOL, A 
NEw PERMANENT MAGNET. E. 
Adams, W. M. Hubbard and A. M. 
Syeles, Naval Research Laboratory. 
May ’52. 19 pp. Available from Office 
of Technical Services, Dept. of Com- 
merce, Wash. 25, D. C. Price 50¢ 
(PB 121730) 


Properties of Wood PROPERTIES 
AND USES OF TROPICAL Woops: PART 
5. Frederick F. Wangaard, W. L. 
Stern and S. L. Goodrich, Yale Uni- 
versity School of Forestry. Dec ’55. 
145 pp. Available from Yale Uni- 
versity School of Forestry, New 
Haven, Conn, Price $1 (PB 124527) 


Welding bibliographies Brs1i0c- 
RAPHIES OF WELDING ARTICLES FROM 
1937 THROUGH DECEMBER, 1957. 
Available from American Welding 
Society, 33 W. 39th St., New York 
18. Price $5 a set of 28, 50¢ a single 
copy. 

A comprehensive set of bibliog- 
raphies of articles that have ap- 
peared in the Welding Journal dur- 
ing the last 20 years. Articles are 
grouped under 28 headings which in- 
clude industries such as aircraft, 
railroads and shipbuilding; processes 
such as brazing, oxygen cutting, re- 
sistance welding and submerged arc 
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sphate coatings are protective in- 
anic finishes that actually change 
the chemical nature of metal surfaces. 
e metal reacts with the applied phos- 
shate solution to form a nonmetallic, 
crystalline coating which serves to: 


~ 


« Improve paint adhesion 
* Provide protection against corrosion 


Increase lubricity of friction surfaces 


Facilitate mechanical deformation of 
metals 


* Decorate—in many instances 

Satisfactory protection of steel, zinc 
and aluminum surfaces against corro- 
sion, paint peeling and blistering, and 
hard wear requires precision methods 
of chemical conversion coating. 
Types of Conversion Coatings 
There are seven classes of chemical 
conversion coatings commonly speci- 
fied and used throughout industry to- 
day. They are as follows: 
linc-iron phosphate (ACP Granodine®). 
This is the heaviest type of coating 
(gray in color) used for prepaint treat- 
ments on steel, iron and zinc surfaces. 
The process requires five or six opera- 
tions: cleaning; rinsing; rust removal, 
if necessary; coating; rinsing; and a 
second rinse. Coating weight ranges 
from 100 to 600 mg per sq. ft. 

Medium or large volume production 
of automobile bodies, appliances, pro- 
jectiles and cabinets can be handled 
effectively. 

The coating solution improves paint 

adhesion by forming a crystalline de- 
posit over the metal surface. This de- 
posit is rough, as revealed microscopi- 
cally, and so offers an ideal gripping 
surface for paint particles. 
Manganese-iron phosphate (ACP Thermoil- 
Granodine®). This is a heavy black 
coating used on friction surfaces to 
prevent galling, scoring and seizing of 
parts. Typical metal parts treated are 
pistons, piston rings, gears, cylinder 
liners, camshafts, tappets and various 
small arms components. 
Iron phosphate (ACP Duridine®). This 
is a comparatively new process that 
places a light coating on surfaces for 
improved paint adhesion. Since clean- 
ing and coating occur in the same bath, 
it has only three to five stages. 

The iron phosphate treatment is a 
spray process suited for medium to 
large volume, large or small work. Pre- 
cleaning is normally unnecessary, an 
economy factor in its favor. 

Products protected by this process 
are steel or iron fabricated units, such 


A Review of the Phosphate Coatings 


Specified for the Protection of Metal Surfaces 


as cabinets, washing machines and 
refrigerators. Weight of coating is 50 
to 100 mg per sq. ft. 

Zinc phosphate (ACP Lithoform®). This 
is a crystalline coating produced on gal- 
vanized iron and other zinc surfaces— 
also cadmium—for improving paint 
adhesion. The purpose of the coating 
is to provide a paint-gripping surface 
and to prevent the reaction between 
acidic components of the paint and 
the zinc metal, with the formation of 
soaps and loss of paint adhesion. 

This coating is applied in weights of 

75 to 500 mg per sq. ft. There are no 
limitations on volume or production 
or on size of products treated. Zinc 
phosphate coating is used on zinc alloy 
die castings, zinc or cadmium plated 
sheet or components, hot dip galvan- 
ized stock, and Galvanneal. 
Amorphous phosphate (ACP Alodine®). 
This is a relatively new protective coat- 
ing for aluminum and aluminum al- 
loys. It may be used in place of anodic 
deposition for improved paint adhesion 
and corrosion resistance. 

This coating is practical for produc- 
tion in any volume. Coating weight is 
100 to 600 mg per sq. ft. Products 
treated include helmets, belt buckles, 
aircraft and aircraft parts, bazookas 
and rocket motors, roofing and siding. 
Particularly good when aluminum is 
painted prior to forming. 

Zinc-iron phosphate for oil absorption (ACP 
Permadine®). This is a_ relatively 
heavy coating adapted to the retention 
of rust-inhibiting drying or nondrying 
oils and waxes on ferrous metal sur- 
faces. The coating is applied to a 
weight of 1000 to 4000 mg per sq. ft. 


The process is satisfactory for large 
or small work in any volume—nuts, 
bolts, hardware, guns, tools, etc. 


linc-iron phosphate for metal forming (ACP 
Granodraw®). This is a specialized 
coating used in conjunction with a 
suitable lubricant to facilitate the cold 
mechanical deformation of steel. The 
coating acts as an anchor for the 
lubricant throughout drawing, extru- 
sion, and cold forming operations. 


It is a successful treatment for prod- 
ucts such as blanks and shells for cold 
forming, heavy stampings, impact ex- 
truded shapes, drawn wire and tube. 
For more complete information about any 
one or all of these chemical conversion coat- 


ings, contact an ACP sales representative or 
write us at Ambler, Pa. 


(Adv.) 


UGH GEHMAN, Assistant Manager, Product Development Dept., AMERICAN CHEMICAL PAINT COMPANY 


Typical Installations 
of Phosphate Coating Systems 














Customer: Truck manufacturer 

Problem: Preparing cab parts for painting 
Cycle: Phosphate wash; phosphate wash; rinse; 
chromic acid rinse; dry 





Customer: Aluminum screen manufacturer 
Problem: Final finish of aluminum shade screen 
Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 











Customer: Water heater manufacturer 
Problem: Preparation of water heater shells 
for synthetic enameling 

Cycle: Phosphate wash; rinse; chromic acid 
rinse; dry 





Customer: Hardware manufacturer 

Problem: Preparing hardware parts for paint- 
ing 

Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 





cewcats] AMERICAN CHEMICAL 
PAINT COMPANY 
PROCESSES 











Ambler 15, Pa. 


Detroit, Mich. ° St. Joseph, Mo. 


Niles, Calif. . Windsor, Ont. 
New Chemical Horizons for Industry and Agriculture 


For more information, turn to Reader Service card, circle No. 472 
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Cold Heading 
Cuts Costs 


Fasteners and Small Parts 
Show Big Savings 


One of the most important cost 
cutting developments in recent years 
is the increasing use of cold headed 
fasteners and small parts throughout 
industry. Parts produced by this 
process show marked savings when 
compared to the same production on 
screw machines. The most obvious 
advantage is in the economical wire 
stock used in cold heading. The more 
expensive bar stock used in the screw 
machine method results in consider- 
able waste, whereas the waste is al- 
most negligible in cold heading. 


Another important consideration 
is the greater strength structure of 
parts made by the cold heading 
method. The blow of the heading tool 
causes the grain structure of the 
metal to flow in lincs of greater 
strength whereas the strong outer 
surface of the screw machine product 
has been-reduced to scrap. 


The possibilities of cold heading 
are almost unlimited when used in 
conjunction with secondary opera- 
tions. The tremendous savings in 
operation and material costs make it 
a must consideration when designing 
small parts either as fasteners or as 
integral units for manufactured 
parts. It has been a long time policy 
of John Hassall, Inc. to support their 
cold heading equipment with the 
latest methods of secondary manu- 
facture. Machines for roll threading, 
slotting, drilling, tapping and many 
other operations are available for 
your profit. 

Given complete specifications, in- 
cluding a drawing and an idea of the 
application, we can quickly tell you 
whether or not it will be advanta- 
geous to have your fastener or part 
JOB-DESIGNED by HASSALL. 
The remaining important aspect of 
our service to you is the ability to 
get into production quickly and 
make prompt shipment. 


Write for a copy of our new book- 
let, “What the Designer Should 
Know about Cold Heading.” 


John Hassall, Inc. 


P.O. Box 2174 
Westbury, Long Island, N. Y. 
Manufacturers Since 1850 


For more information, circle No. 435 
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welding; and metals such as alumi- 
num, cast iron, copper, molybdenum 
and zirconium. 


Creep, rupture curves GENERAL- 
IZED MASTER CURVES FOR CREEP AND 
RUPTURE. G. J. Heimerl and A. J. 
McEvily, Jr., Langley Aeronautical 
Laboratory. Oct ’57. 31 pp. Avail- 
able from National Advisory Com- 
mittee for Aeronautics, 1512 H St., 
Wash. 25, D. C. (TN 4112) 
The materials included in this 
| study are pure aluminum, 2024-T3 
aluminum alloy sheet, 7075-T6 clad 
aluminum alloy sheet, carbon molyb- 
denum steel, 18-8 Cb stainless steel 
and Inconel X. The master curves 
shown are for rupture life, minimum 
| creep rate, and 0.2 and 0.5% creep 
| strain. 





Brazing of aluminum THE BRAZING 
OF ALUMINIUM AND ITs ALLOys. June 
‘57. 36 pp. Available from Alumi- 





... in this Cincinnati 
Sub-Zero Environ - 
mental Test Unit. 


Custom-built to specifications, 
a new model SU-40-8-HC Cin- 
cinnati Sub-Zero test unit is 
providing vital product data at 
Federal Telecommunications 
Laboratories, Palo Alto, Cali- 
fornia. Used to test transistors 
and other electronic compo- 
nents, it is adjustable from 
minus 50° to plus 200° F., while 
maintaining a relative humidity 
of 95% between plus 80° and 
160° F. Compact and portable, 
it is ideally suited for a variety 
of test applications. 





ee 





nium Development Assn., 233, Gir 
venor St., London, W. 1, Engla 
Price 30¢ (Bulletin No. 22 
Describes the principal methods 
brazing aluminum, such as flan 
furnace and flux dip. The propert 
of aluminum and some alloys su 
able for brazing are tabulated. 


Electroforming waveguides EL: 
TROFORMING OF WAVEGUIDE Comp: 
NENTS FOR THE MILLIMETER-WA\ 
LENGTH RANGE. Albert A. Feldman) 
Vational Bureau of Standards. Ne: 
‘57. 16 pp. Available from Supt. oj 
Documents, U. S. Government Prin 
ing Office, Wash. 25, D. C. Price 15: 
(NBS Circular No. 587) 


Ferromagnetic materials NonmMr 
TALLIC FERROMAGNETIC MATERIALS. 
PART 7: MICROWAVE FERRITES. H. C. 
Tothenberg and E. B. Mullen, Gen- 
eral Electric Co. Dee ’55. 49 pp. 
Available from Office of Technical 
Services, Dept. of Commerce, Wash. 
25, D. C. Price $1.25 (PB 1231053) 
Information on nonmetallic ferr 
magnetic materials for use in com 
equipment. 
theoretical considerations and meas- 
urement techniques. 


munication Discusses 


Transistors Subjected to Heat, 


Cold and Humidity 























Model SU-40-8-HC 





If you must have specific product reaction data at various temperatures, 
altitudes, humidities, etc., outline your requirements to us for a no-obligation 
recommendation on a unit built to your needs. 


Cincinnati Sub-Zero Products 


General Offices and Plant: « 
3930 Y 8 READING ROAD, CINCINNATI 29, OHIO 


Member Environmental Equipment Institute 
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by H. R. Clauser, Edito, 


Back to the Movies 

For a while it looked as though theater-goers 
might someday sit on their popcorn and eat it 
too. Because of the Air Force’s interest in it as 
a cushioning material, popcorn (unbuttered and 
unsalted) was subjected to extensive engineering 
tests. Unfortunately, the popcorn didn’t show up 
too well. It was too stiff, and it wasn’t bouncy 
enough under compressive loads. 

With movie attendance declining, the popcorn 
producers were probably also disappointed with 
the test results. But all may not be lost. Because 
of popcorn’s high hygroscopicity there is still a 
chance that it might serve as a blocking material 
for moisture-proof packages. My personal ex- 
perience munching soggy popcorn over the years 
definitely indicates that this is a promising field 
of application. 


A Necessary Nuisance 


At the head of the article starting off our 
feature section this month (p 96) is a tired and 
harassed engineer looking at a bewildering array 
of standards and specifications. In a way, the 
picture symbolizes the fact that standards are 
both a necessity and a bothersome nuisance. We 
need them to give us common reference points 
to use in choosing and evaluating materials. And 
they provide us with an exact technical language 
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without which there would be crippling confu- 
sion. But at the same time the tremendous num 
ber and variety of standards sometimes threatens 
to cause more confusion than the standards 
themselves are designed to eliminate. 

We hope the series of six articles beginning in 
this issue will help avoid some of this confusion 
entailed in searching for and using standards. 
The articles are being written by S. A. Kaida- 
novsky, who is well qualified for the job. He has 
been in the standards field—both in government 
and industry—for over 30 years. He has spent 
over six months gathering material for this 
series. And he tells us that he is beginning to 
feel like a recluse, what with standards and speci- 
fications stacked to the ceiling in his study and 
overflowing into the living room. 


immaterialisms 


> The following two epigrams hang on the walls 
of the Value Engineering Dept. at Stromberg- 
Carlson Co.: 

“There is no limit to what can be accomplished 
if it doesn’t matter who gets the credit.” 

“Are you trying to help with the solution or 
are you part of the problem.” 


> There has been much talk lately about a great- 
er exchange of information and data among tech- 
nical people. I’m all for it. But I would also 
like to advocate a wider exchange of half-formed 
ideas, Htunches, apparently useless insights, and 
even half-baked ideas. They seldom appear in 
reports and often die for lack of the right nour- 
ishment. Yet they are the amorphous sparks 
that often lead to big new advances. Perhaps 
what we need are more bull sessions, more coffee 
breaks and longer lunch hours, which seem to be 
the occasions most conducive to “blue sky” ideas. 


> Here is what might be termed an uninten- 
tionally uncomplimentary complimentary letter 
which we received on our Joining and Fastening 
Plastics Manual (Jan ’58). It read in part: 
“It is... excellent and complete .. . It is well 
organized ... It has good balance ... (and) it 
has no technical accuracies.” 


>» Flash—After 14 years the Defense Dept., at 
the urging of Congress, has released a secret 
document titled “Silent Flashless Weapons.” The 
heretofore hush-hush report covers a World War 
II bow and arrow project and includes technical 
descriptions of bows and arrows, many similar 
to those used by medieval crossbowmen. 


> “The science of figures (is) not only 
indispensably requisite in every walk of civilized 
life; but the investigation of mathematical 
truths accustoms the mind to method and cor- 
rectness in reasoning, and is an employment 
peculiarly worthy of rational beings.”—George 
Washington. 









